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MEMO

To: Andrew Baris, Roux

From: Garylong

CC: Michael Ritorto, Roux
Laura Jensen, Roux

Tom Biksey, EHS Support

Date: August 17, 2018

Re: Technical Memorandum: Proposed Wildlife Exposure Modeling App
Ecological Risk Assessment at the Columbia Falls Superfund Si
Former Columbia Falls Aluminum Company Aluminum Redugtion
Columbia Falls, Montana

o Support the Baseline

ility

k for estimating dietary exposure to terrestrial and

isk Assessment (BERA) for the Columbia Falls Aluminum
Is, Montana. The technical memorandum was prepared
16 general risk assessment framework provided in the Baseline
Ecological Risk Assessment Work R, ERA WP) submitted to the United States Environmental
Protection Agency (USEPA) and Montana Department of Environmental Quality (MDEQ) in November
2017 and revised in May 2018,(EHS Support, 2018).

This technical memorandum describes the appr
semi-aquatic wildlife in the Baseline Ecologica

Company (CFAC) Superfund Site in Colum
as an interim deliverable to supple it

The technical memoran
bioaccumulation rela
dietary pathw
bioaccumula

presents the modeling approach, preliminary exposure parameters,

ships, and toxicity reference values (TRVs) that are proposed to evaluate
teérrestrial and semi-aquatic wildlife receptors that may be exposed to

nstituents of potential ecological concern (COPECs) at the Site. Bioaccumulation

rid TRVs are proposed for potentially bioaccumulative COPECs identified in the Screening
gical Risk Assessment (SLERA) conducted based on Phase | Site Characterization data (Roux
Associates, 2017). Further identification of potentially bioaccumulative COPECs will be conducted based
on a re-screening of the Phase | Site Characterization data with additional data being collected in
accordance with the Phase |l Site Characterization Sampling and Analysis Plan {Roux Associates, 2018).
In addition, further evaluation of the appropriateness of exposure assumptions and model parameters
presented in this technical memorandum may be warranted in the BERA to reduce uncertainty in dietary
exposure estimates used to characterize risk to wildlife through dietary pathways. The BERA Report will
include an appendix that provides documentation and justification for the exposure parameters and
model assumptions used in dietary exposure models for the Site.
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The following sections describe the identification of preliminary bioaccumulative COPECs to evaluate via
dietary exposure pathways, the dietary exposure modeling approach and parameters, and the
preliminary selection of wildlife TRVs.

COPECs identified in the SLERA and BERA WP based on the preliminary analysis of Phase | Site
Characterization data (Roux Associates, 2017) were evaluated to identify potentially bioaccumulative

SLERA based on comparisons of maximum concentrations in the Phase | Site Characteriz: atasets
to minimum ecological screening values (ESVs). In addition, the BERA WP identified additional COPECs

following criteria:
1. Constituents identified as Persistent, Bioaccumulative, and Toxit
USEPA Toxics Release Inventory (TRI) Program

2. Constituents identified as important bioaccumulative con ents in USEPA (2000)
3. Organic constituents with a log octanol-water partitioning eoefficient (log Kow) greater than 3.5
based on USEPA (2000} '
4. Constituents with USEPA Ecological Soil Screenin
mammals (USEPA, 2005a).

tuents as part of the

els (Eco-SSLs) derived for birds or

be included in dietary exposure modeling in the

3 of bioaccumulative COPECs presented in Table 1
ults of the Phase | and Phase |l Site Characterization
vint exposure data from the Phase | and Phase 1l Site
Characterization datasets will be re- d to identify COPECs based on conservative comparisons of
maximum concentrations to minira SVs. COPECs identified in the re-screening of the combined
Phase | and Phase |l datasets that:have the potential to bioaccumulate based on one or more of the
above criteria will be includediin the dietary dose modeling presented in the BERA. Dietary exposure to
these potentially bicaccu e COPECs will be evaluated in a manner consistent with the approach
described in this technicalmemorandum.

Table 1 presents a preliminary list of COPECs t
BERA based on the above criteria. The prelimi
will be re-evaluated based on the combin
sampling. As indicated in the BERA WP

tion of potential exposure via direct and incidental ingestion pathways will be conducted
based on a tiered approach in accordance with the USEPA guidance for conducting probabilistic
ecological risk assessment (USEPA, 2001). The tiered approach will include the following ingestion
models to quantitatively assess potential risks to representative wildlife receptors:
¢ Deterministic exposure modeling: Based on conventional single point estimates of exposure
point concentrations (EPCs) and typical exposure parameters. Deterministic exposure models
will be developed based using a tiered approach that incorporates preliminary and refined
exposure estimates:
®=  Preliminary exposure estimates: Screening-level exposure assumptions based on
maximum EPCs and conservative exposure assumptions.

20f37
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= Refined exposure estimates: Refined exposure estimates using EPCs based on
conservative estimates of the mean concentrations at the site, assuming random
foraging throughout each exposure area and more realistic exposure assumptions.
Further discussion of the assumptions supporting the preliminary and refined exposure
estimates are provided in relevant sections within this technical memorandum.
¢ Probabilistic exposure modeling: If estimated doses based on refined deterministic modeling
exceed doses associated with lowest-observed-adverse-effect levels (LOAELs), probabilistic
models may be developed to estimate exposure based on the distributions of EPCs and
exposure parameters to account for variability and/or uncertainty in model parameters

The following sections describe the basic model structure, receptor-specific exposure fa¢
variables, bicaccumulation relationships, and area use factors that will be used f i
modeling in the BERA.

15, exposure

The underlying algorithm of the dietary exposure model is the sa
approaches. However, deterministic estimates use single, discr
representative of a typical or a worst case), whereas probabilist
for model parameters to account for the inherent variabili d/or uncertainty in the estimation of
those parameters. Procedures for calculating probabilistic exposure estimates are consistent with USEPA
(2001) guidance on probabilistic ecological risk as erits and USEPA (1997) guidance on Monte Carlo
analyses. The following sections describe the maod tructure and the general procedures for
deterministic and probabilistic modeling.

terministic and probabilistic
fties for model parameters (i.e.,
stimates use a distribution of values

Deterministic Modeling Procedures

Deterministic exposure estimateswill'be based on comparisons of receptor-specific estimated daily
doses (EDDs) calculated from simple dose rate models to TRVs. Dietary exposure estimates consider
receptor-specific exposure factors, including typical dietary composition, and exposure variables that
represent site-specific measyrements of COPEC concentrations in exposure media. The general form of
the dose rate mod :0 calculate EDDs is:

(1)

= Receptor-specific dietary items
BW = Receptor-specific body weight (kg)

FIRsw = Receptor-specific daily food ingestion rate {kg/day, dry weight)

fi = Proportion of dietary item j to total dietary composition

G = COPEC concentration in dietary item j (mg/kg tissue dry weight)

SiRqw = Receptor-specific incidental substrate ingestion rate (kg/day, dry weight)
Cswp = COPEC concentration in substrate (mg COPEC/kg substrate, dry weight)
WIR = Receptor-specific daily drinking-water ingestion rate (Liters (L)/day)

Csw = COPEC concentration in unfiltered surface water (mg COPEC/L)
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AUF; = Area use factor for a given exposure area and receptor

For receptors with foraging ranges that are smaller than a given exposure area, the EDD will be
calculated based on EPCs derived from data collected within that exposure area. If the foraging range of
a receptor is greater than an exposure area, the EDD will be calculated as the sum of area use factor
(AUF)-weighted doses obtained from the exposure areas within the typical home range of the receptor.
Further explanation regarding the calculation of AUFs is presented in the Area Use Factors section of this
technical memorandum.

As stated in the BERA WP, dietary exposure to small home range receptors will also be e &d based
on point-by-point comparisons of measured COPEC concentrations in biologically relevant
intervals to estimated soil or sediment benchmark concentrations that are back- ed from TRVs.
Consistent with the approach used to calculate USEPA Eco-SSL values (USEPA, 2005a); the general
exposure model presented in Equation 1 will be used to back-calculate soil iment benchmarks for
each representative small home range receptor by setting the EDD equi 0 the TRV and solving for
the Cyu value.

bn 1 will be used to evaluate the
oil sampled within the Main Plant
spounds will be evaluated using the

8a). The modified dietary exposure model
mpounds in each sample based on the general
will be multiplied by the compound-specific

A modified version of the dietary exposure model presented in E
potential additive exposure to dioxin/furan compounds in surfa
Area and adjacent areas. Additive exposure to dioxin/furan cé
toxicity equivalence methodology consistent with USEPA
will calculate an EDD for the 17 individual dioxin/f
model presented above. The EDD for each compg
toxicity equivalence factor (TEF) for birds or mammals relative to the toxicity of 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) to estimafe the toxicity equivalence concentration (TEC) for each
compound (Van den Berg et al., 2006; Va n Berg et al., 1998; USEPA, 2008a). TECs of the 17
dioxin/furan compounds will be summed-tg calculate an overall TEC:

(2)
where:

TEC =Toxicity equi
EDD, = Estimated da
TEF, = Toxicity equivalence factor for dioxin-like chemical n

Procedures for calculating probabilistic exposure estimates will be consistent with USEPA (2001)
guidance on probabilistic ecological risk assessments and USEPA (1997) guidance on Monte Carlo
analyses. As warranted based on the outcome of deterministic exposure estimates, Monte Carlo
simulations may be conducted using the statistical computing and graphics language R (R Core Team,
2013) to estimate the EDD and the average estimated daily dose (AEDD) distributions for each receptor
based on the following procedures.

4 of 37
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To estimate the EDD distribution for a receptor:
1. R will be used to randomly select a body weight (BW) from its literature-derived distribution
and to calculate the corresponding food ingestion rate (dry weight) (FIRqy), incidental
substrate ingestion rate (dry weight) (SIRaw), and drinking water ingestion rate (WIR).

2. fiwill be selected based on dietary composition.

3. Ciand Csyp will be randomly selected from their corresponding distributions from site-
specific concentrations measured during the Phase | and Phase ll Site Characterization
sampling.

4, EDD will be calculated using Equation (1) above.

5. Steps #1 to #4 will be repeated a pre-set number of times to estimate the ED

the number of iterations will be pre-set at 10,000 based on convergence criti
Sample et al. (1996a).

To estimate the average estimated daily dose (AEDD) distribution for a rec
1. The Bootstrapping Method will be used to randomly select N
distribution above, where N = Number of days/year the r

exposure areas.
2. AEDD, defined as the arithmetic mean of the selected
3. Steps #1 and #2 will be repeated a pre-set number
distribution; the number of iterations will be pr
criteria provide in Sample et al. (1996a).

ér of EDD from the EDD
exposed within site

25, will be calculated.
imes to estimate the AEDD
10,000 based on convergence

reteptors of concern and model parameters used
deling.

The following section presents the basis for select
in deterministic and probabilistic dietary expost

Ecological exposure areas identified iri,the BERA WP may support multiple terrestrial and semi-aquatic
wildlife receptors of concern (EHS Stipport, 2018). As indicated in the BERA WP, exposure to avian and
mammalian wildlife receptors:will be evaluated based on dietary exposure pathways using the approach
presented in this technic orandum. Exposure to other ecological receptors of concern, including
fish, reptiles, and amphi , will be evaluated based on direct contact exposure pathways in the BERA
(EHS Support, 2018

pecies were identified in the BERA WP as representative species to evaluate exposure
nd avian receptors based on feeding guild using dietary exposure models.
terrestrial species for each receptor group based on feeding guild include:

Several surroga

5o0f 37
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Receptor Group Scientific Name Common Name

Mammalian Fauna

Herbivorous mammal Microtus pennsylvanicus Meadow Vole
Insectivorous mammal Blarina brevicauda Northern Short-tailed Shrew
Carnivorous mammal Mustela frenata Long-tailed Weasel

Avian Fauna

Herbivorous bird Zenaida macroura Mourning Dove
Invertivorous bird Scolopax minor Woodcock
Carnivorous bird Buteo jamaicensis Red-tailed Hawk

Representative semi-aquatic species for each receptor group based o g guild include:

Receptor Group Scientific Name Common Name

Mammalion Faung

Piscivorous mammal Mustela vison

Avian Fauna

Invertivorous bird Cinclus mexicanus American Dipper

Piscivorous bird Megaceryle alcyon Belted Kingfisher

In addition to the mammalian and avi ptors representing feeding guilds expected to be present at
the site, potential dietary exposurg sur federally threatened (or proposed threatened) species
identified by the United States Fish’ Wildlife Service Information for Planning and Consultation?

(USFWS 1PaC) will also be evaluated (EHS Support, 2018):

Potential Exposure Area — General

Scientific Name Common Name Status

Habitat
Mammals
Lynx canade Canada Lynx Threatened Terrestrial — Boreal spruce-fir forest
habitat
Ursus ar ;)s horribilis Grizzly Bear Threatened Terrestrial — Relatively undisturbed

mountainous habitat

Gulo gulo luscus North American Wolverine | Proposed Terrestrial — High elevation habitat
Threatened near the tree-line

Birds

Coccyzus americanus Yellow-billed Cuckoo Threatened Terrestrial — Dense, cottonwood-

dominated forests canopies

! Accessed at: https://ecos.fws.gov/ipac
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The following sections present receptor-specific exposure factors selected to estimate dietary doses to
wildlife receptors of concern.

Receptor-specific exposure factors were identified to estimate exposure and area use for identified
wildlife receptors of concern evaluated in dietary exposure models. Receptor-specific exposure factors
used in the dietary exposure models include:

e BW

e  FIRgw

e  SIRgw

s  WIR

e Dietary composition, proportion of dietary item j to total diet {f)
e AUF

ure sources and compilations
8., USEPA, 1993; USEPA, 20073;

Receptor-specific exposure parameters will be derived from genera
of exposure factors developed to support dietary exposure modeli
USCHPPM, 2004; Sample and Suter, 1994).

Deterministic exposure modeling uses exposure factors tha epresentative of typical or average
(e.g., mean parameter) exposure conditions. Probabilistic exposure modeling evaluates a range of
potential exposure factors to capture the individu pulation-level variation in exposure factors
that are likely to occur within exposure areas. ary of exposure factors that will be used in the
deterministic exposure model is presented in . The approach for selecting exposure factors for
dietary exposure models is summarized b

Body Weight

In deterministic exposure models; representative body weights will be estimated as arithmetic mean
values of adult body weightsrgported in the literature or midpoints of the range of body weights when
arithmetic mean values are ot available (Table 2). When body weights are available for both sexes, the
more conservative (loweérjestimate of the average body weight will be selected. Minimum body weights
€ available literature as conservative body weight estimates for special status
ahada lynx, grizzly bear, and North American wolverine (Table 2).

ifistic exposure estimates, distributions of potential body weights of adult receptors will be
estimated:using R based on available arithmetic mean (u) and standard deviation (o) of body weights
reported in the literature for the selected receptors (Table 2). Normal distributions of potential body
weights will be assumed for each receptor. Estimated distributions of potential body weights will be
truncated to the range of body weights reported in the literature to avoid unrealistic estimates of
receptor body weight (i.e., the distribution of potential body weights will not include values that are
greater than or less than the range of body weights reported in the literature).

7 of 37
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Food ingestion Rate

Food ingestion rates FIRy, will be estimated based on receptor-specific BW values using appropriate
empirical allometric (scaling) relationships developed by Nagy (2001). Nagy (2001) derived allometric
relationships for various avian and mammalian feeding groups based on taxon, habitat, and diet. For
each wildlife receptor, the most appropriate allometric equation from Nagy (2001) will be used to
estimate dry weight food ingestion FIR,, as a function of BW (Table 2):

FIR,, = a x BW? (3)
where:
FIRow = Dry weight food ingestion rate (kg dry weight/day)
BW = Receptor-specific body weight (kg)
gand b = Parameters whose values are specific to an allometric equatio

& appropriate allometric
calculation of the EDD. For
yased on allometric relationships
n described in the preceding
ate corresponding FIRqw values using
he resulting distribution of FIRy, will be
rved within a given receptor population as
‘duals within the population.

In deterministic exposure models, the receptor-specific FiRay estimated fg
relationship will be used based on average body weight in the point esti
probabilistic exposure models, distributions of F/Ra. will be develo
using randomly selected body weights from the body weight distr
section. The randomly selected body weights will be used to estin
the appropriate form of Equation 3 for the receptor of concet
representative of the range of feeding rates that may be obi
a function of the potential range of body weights of

Potential distributions of FIR4 values will not
the following reasons:
e literature-derived FIRs (primari

veloped directly from literature-reported values for

values) are insufficient to generate robust distributions.

e |tisinappropriate to evalua independent of BW; if BW and F/Ryy are independent in a
probabilistic simulation, a itor at the lower end of the BW distribution may be
unrealistically paired with a FIR, value at the higher end of the FIR,, distribution.

Incidents! Substrate

Exposure models ageduit for the dietary intake of soil or sediment {substrate) that may be ingested
incidentally begay f the feeding behavior of select receptors or indirectly through the ingestion of

food ingestion rate, as follows:

SIR = FIR gy, X () (4)
where:
SIRaw = Substrate ingestion rate (kg dry weight/day)
FIRdw = Dry weight food ingestion rate (kg dry weight/day)
Ps = Percentage of dry food intake ingested as substrate

8 of 37

ED_002345C_00006500-00009



Andrew Baris
Technical Memorandum: Proposed Wildlife Exposure Modeling Approach
August 17, 2018

As summarized in Table 2, average substrate ingestion, as a percentage of dry food intake, was
identified for each receptor of concern based on literature sources. For receptors included in the
derivation of Eco-55Ls, the average percentage of dry food intake was obtained from USEPA {(2007a). For
primarily piscivorous wildlife (mink and belted kingfisher), incidental substrate ingestion was assumed to
be negligible, consistent with Sample and Suter (1994). For carnivorous mammals, including Canada
lynx, grizzly bear, and North American wolverine, incidental substrate ingestion was assumed to not
exceed the average incidental ingestion rate for the red fox reported in Beyer et al. (1994). No incidental
substrate ingestion data were identified for the American dipper; therefore, a nominal incidental
substrate ingestion rate of 1 percent of dry intake was assumed for American dipper (Table 2)..]
based on the habitat preference of American dipper for fast-moving, clear streams with ¢
rocky stream bottoms, the assumption of 1 percent incidental substrate ingestion is likek
Further evaluation of this assumption may be warranted in the BERA pending th
incidental sediment exposure in the risk characterization for American dipper.

pebble, or
ghservative.
ial influence of

For the deterministic exposure model, the receptor-specific SIRa will b
estimate based on the dry weight FIR4y calculated using average BW
food intake as incidental substrate ingestion (Table 2).

ted as a single point
verage percentage of dry

ill be developed for each receptor
4on. The distribution of SIRs will be
velop the distribution of FIRy,. For each

i be calculated using the dry weight FIRq, and

For probabilistic exposure models, a distribution of potential Sl
based on the distribution of F/R. described in the previous s¢
developed based on randomly selected BW values used t
randomly selected body weight, a corresponding SIR
the average percentage of dry food intake as inc bstrate ingestion. The receptor-specific

distribution of SIRs is representative of the rang tes that may be observed within a given receptor
population as a function of the potential rangé of body weights and corresponding food ingestion rates
of individuals within that population.

Drinking Water Ingestion Rate

(WIRs) will also be derived based on an allometric relationships to body
weight. For birds, Calder un (1983) developed an equation for drinking-water ingestion based on
a dataset representing 2 species with a body weights ranging from 0.011 to 3.15 kg, which
encompasses ther of average avian body weights included in the exposure modeling for the Site
(Table 2). WIRs faor receptors will be estimated based on body weight as follows:

Drinking-water ingestion rates

WIR 4 pian = 0.059 x BW 067 (5)
WIRvign = Avian drinking water ingestion rate (L/day)
BW = Receptor body weight (kg)

Drinking-water ingestion rates for mammalian receptors {(WIR nammaian) Will be estimated based on an
allometric relationship to body weight using an analogous equation from Calder and Braun (1983):

WIRmammatian = 0.099 X Bw 0920 (6)

where:
WIR mommaiian= Mammalian drinking-water ingestion rate (L/day)
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BW = Receptor body weight (kg)

Like other ingestion rates based on allometric relationships (e.g., FIRa and SIRq), estimates of WIR in
deterministic exposure models will be based on arithmetic mean values of adult body weights reported
in the literature or minimum body weights when arithmetic mean values are not available (Table 2). For
probabilistic exposure models, WIRs will be calculated from randomly selected body weights used to
develop the receptor-specific distributions of body weight, FIR4,, and SIR,,,. Estimated WIRs calculated
for each randomly selected body weight form a receptor-specific distribution that is representative of
the range of drinking water rates that may be observed within a given receptor population, as:a:function
of the potential range of body weights of individuals within that population.

vietary Preference

Dietary models are developed to evaluate exposure to various trophic categg of wildlife based on
typical feeding behaviors. Receptors select dietary items based on specieg-speeific foraging strategies
and behaviors, which are also influenced by the availability and abundafitg:ot dietary items within an
exposure area. The relative compositions of prey items in the die dlife receptors of concern will
be estimated based on dietary studies obtained from the literature*and summarized in compilations of
exposure factors developed to support dietary exposure model; USEPA, 1993; USEPA, 20073;
USCHPPM, 2004; Sample and Suter, 1994).

Estimates of dietary composition in deterministic e models will be simplified initially to
represent the predominant dietary items and/or mare conservative exposure scenarios based on
literature. A summary of the preliminary dietary:compositions for the various receptors that will be
evaluated in deterministic exposure models ented in Table 2.

Probabilistic exposure estimates m sider the probability of a receptor selecting and ingesting a
certain dietary item during foraging. USEPA (2003a) developed an algorithm to construct a unique and
randomly selected diet for receptors'based on a dietary matrix. A similar approach may be used to
account for potential variabi dietary composition if probabilistic dietary exposure modeling is
conducted in the BERA. | proach is warranted, further documentation will be presented in the
appendix describing the e modeling procedures in the BERA Report.

driables refer to site-specific measurements, namely COPEC concentrations estimated in
exposuréinedia. The following sections describe the approach for defining EPCs for deterministic and
probabilistic exposure modeling.

eterministic Exposure Point Concentrations

EPCs to evaluate wildlife exposure in deterministic models in the BERA will be estimated for each
exposure area using data collected as part of the Phase | and Phase Il Site Characterization. EPCs will be
calculated to represent a range of exposure scenarios:
e Maximum EPC: Represents a maximum exposure scenario based on the maximum measured
concentration in each exposure area.
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e Refined EPC: Represents the likely exposure to a conservative estimate of the mean
concentrations at the site, assuming random foraging throughout each exposure area.

Refined EPCs for evaluating wildlife ingestion pathways will be calculated based on upper confidence
limit of the mean (UCLmean) COPEC concentrations. UCLmean values represent a conservative estimate of
average exposure conditions for a receptor foraging randomly over an exposure area. UCLmean
concentrations will be calculated using USEPA ProUCL software (version 5.1 or later) and the statistical
approach will be consistent with USEPA ProUCL Version 5.1 Technical Guidance (USEPA, 2015). The
UClLmean calculation recommended in ProUCL will be used as the refined EPC in the risk estimat
Rationale for any deviations from the ProUCL-recommended UCLyean calculation will be do
the BERA Report.

“for wildlife
by-point comparisons
d TRV ow doses. The

atial evaluation of areas

il that may result in adverse

In addition to UCLmean EPCs, exposure will also be evaluated on a point-by-point B
receptors with small home ranges (e.g., meadow vole, short-tailed shrew). P,
will be conducted for COPECs with maximum EPCs resulting in EDDs tha
evaluation of potential exposure on a point-by-point basis will suppo
where small home range receptors may be exposed to concentrati
effects.

Consistent with the Phase | Site Characterization Sampling \nalysis Plan (SAP), EPCs will be
calculated using incremental soil methodology (ISM) results'to represent average exposure over the
entire Operational Soil Area, as well as localized e swithin each individual decision unit (DU)
within the Operational Soil Area (Roux Associates, 2015). EPCs for the entire Operational Soil area will
represent potential exposure to ecological rece s with large home ranges and will be estimated
based on UCLmean concentrations of ISM samples from all DUs within an exposure area. Consistent with
the Interstate Technology and Regulatory incil (ITRC) guidance (ITRC, 2012), UCLyean concentrations
to estimate EPCs for multiple DUs will bg'calculated using the Chebyshev UCL or Student’s t UCL
methods using the 95% UCL Calcul eveloped by the ITRC. EPCs within individual one-acre DUs will
be estimated based on the ISM sampfe result to represent localized exposure to ecological receptors
with small home ranges (i.e., less than one acre).

As indicated in the Phasg e Characterization Sampling and Analysis Plan (Roux Associates, 2018),
replicate ISM samp =3} will be collected from four DUs within the Operational Soil Area
(approximately tepi‘percent of the total number of DUs in the Operational Soil Area). Given that DUs in
the Operatio il Area have a similar conceptual site model, including similar soil type, site
use/histor d' expected contaminant types, ISM replicates from the four DUs will be used to provide
an estirfiate of ISM sample variability within a DU. Estimates of ISM sample variability will be
extrapolated to similar DUs without replicate ISM samples (similar to how laboratories use batch
replicates for determining lab analysis precision). The extrapolation of estimated variability measured in
DUs with ISM replication will be conducted in accordance with the guidance provided in ITRC (2012)
based on an evaluation of ISM mean and variance estimates, including relative standard deviation (RSD)?
and standard deviation, from the DUs with ISM replication.

2 Relative standard deviation {RSD) is calculated as the standard deviation divided by the arithmetic mean. RSD is
also referred to as the coefficient of variation (CV).
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The following sections discuss media-specific approaches for data compilation and pre-processing to
support the estimation of EPCs.

Potential wildlife exposure via dietary ingestion pathways associated with surficial soils will be based on
depth-weighted average concentrations of sampling intervals collected from 0-0.5 feet below ground
surface (ft bgs) and 0.5-2.0 ft bgs to provide a representative EPC for each soil boring station. Depth-
weighted average concentrations for the combined 0-2 ft bgs exposure interval will be calculag 5 as
follows:

051t 1.55t

Csoito-27t = Csoito-05ft X 2 + Csoit,0.5-25¢ X oy

s

where:

Cooil,0-2 t = Concentration in combined exposure interval starting f
Cewioosr = Concentration in sampling interval starting from 0 t
Cooios-2fr = Concentration in sampling interval starting from

€asonally dry and provide habitat for
xposure areas include (EHS Support,

soil EPC calculations for transitional exposure areas that ma
terrestrial receptors. As described in the BERA WP, transitig

e North Percolation Pond Area
e South Percolation Pond Area
e Cedar Creek Reservoir Overflow Dit
e  Northern Surface Water Feature.

EPCs for sediment in aquatic expdsure areas will be calculated based on surficial samples collected from
the 0 to 0.5 ft bgs (nomina pling interval. Preliminary EPCs will be based on the maximum
measured concentration:within an exposure area to represent the most conservative exposure scenario.
Refined EPCs will inclus onservative estimate of the central tendency of exposure {e.g., UCLmean
concentration) to réftect the average dose that a receptor may experience while foraging randomly
within an exp rea.

As indi d'in the BERA WP, surficial soil data from the 0 to 0.5 ft bgs sampling interval will be included
in sedimefit EPC calculations for transitional exposure areas that may be seasonally inundated and
provide temporary aquatic habitat, in addition to terrestrial habitat. As described in the BERA WP,
transitional exposure areas include (EHS Support, 2018):

e North Percolation Pond Area

e South Percolation Pond Area

e Cedar Creek Reservoir Overflow Ditch

¢ Northern Surface Water Feature
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Relevant surface water sources that will be used as drinking water sources in the dietary exposure
models for small-ranging (S) and long-ranging (L) terrestrial wildlife receptors are summarized below by
terrestrial exposure area:

Surface Water Source

Northern
Exposure Area Cedar Creek North South Flathead P
Cedar Creek Reservoir Percolation Percolation River ater
Qverflow Ponds Ponds :

Eastern Undeveloped

Area SL

North-Central

Undeveloped Area L St SL St
Western

Undeveloped Area St L L
Central Landfill Area L S,L -
Industrial Landfill L 51 "
Area

Main Plant Area L L L

Flathead River
Riparian Area

S = Small-ranging receptors
L = Long-ranging receptors

For long-ranging receptors, potential dri ater sources will include an estimate of average
exposure point concentrations (e.g., U( ) from multiple surface water features that may be
encountered while foraging. For receptors with small home ranges, surface water features within or
adjacent to terrestrial exposure a(é” will be considered the primary drinking water source. It will be
assumed that semi-aquatic wi life receptors obtain drinking water from the aquatic or transitional
exposure areas from which:digtary and incidental ingestion exposure pathways are evaluated.

be estimated based on COPEC concentrations measured in unfiltered surface
ent with other exposure media, preliminary surface water EPCs will be estimated
COPEC concentrations and refined EPCs will be estimated on a conservative

entral tendency of exposure {e.g., UCLyean EPC concentration).

Surface water EPCs v

Histic Exposure Point Concentrations

For probabilistic estimates, wildlife exposures will be evaluated based on the distribution of possible
exposure concentrations, in contrast to the point estimate EPCs described above for deterministic
models. Distributions of potential exposure concentrations will be developed in the statistical computing
and graphics language R (R Core Team, 2013) based on the soil, sediment, and surface water datasets
collected during Phase | and Phase Il Site Characterization sampling, as described above for the
estimation of deterministic EPCs. EPC distributions will represent the range of potential exposure
concentrations that may be experienced by a given receptor foraging within exposure areas at the site.
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The simulated exposure distributions may be truncated, as necessary, to exclude exposure
concentrations that are not realistic (e.g., negative or extremely high concentrations). Potential
truncation of the exposure distributions will be based on representative upper and lower tolerance
limits of the measured concentrations in the site-specific datasets.

Bioaccumulation of COPECs from soil into terrestrial dietary items, including vegetation, soil
invertebrate tissue, and small mammal tissue will be estimated using soil EPCs described in
preceding section and terrestrial bioaccumulation factors (BAFs). BAFs are regression med
constant uptake factors that reflect the relationship between COPEC concentrations in.dietary items and
concentrations in soil. Differences in concentration are due to COPEC-specific proper that affect its
tendency to bicaccumulate in tissue, balanced by the innate ability of the specie regulate body
burden levels of the chemical via metabolic and excretory processes. Envir tal conditions such as
soil moisture, soil pH, and cation exchange capacities significantly influen iéther soil COPECs remain
bound in the soil matrix or can be mobilized (in a bioavailable form) a ed for uptake.

The selection of appropriate BAFs is a critical component to dietary:€kposure modeling. General
approaches for BAF selection have been discussed in Sample arid Suter (1994) and USEPA (2007a). An
approach that is consistent with these sources was follow the selection of BAFs for the CFAC Site.
The general hierarchy for selection of BAFs based on types &éf sources is as follows:
1. Use of regression equations derived from paired field- or laboratory-based measurements of
COPEC concentrations in dietary items ap ’
2. Ratio-derived BAFs developed based on
concentration divided by the soil co
3. Modeled equilibrium partitioning
4. Assumptions based on valugs g

red data where the BAF is equal to the dietary tissue

ived BAFs based on physical or chemical characteristics
mon to chemical class

The use of empirically derived BAF rdtios is generally preferred over equilibrium partitioning-based
BAFs, which are typically calculated based on factors such as log K. values, fraction of organic carbon in
soil, and/or percent of lipi nvertebrates. Also, in selecting ratio-based BAFs, median values are
generally preferred foru er maximum or other high-end BAFs (USEPA, 2007a).

s Used to calculate COPEC concentrations in dietary items based on soil
ally take the following form:

Regression e
concentrations.

InC; = B1 x In Cgyyp + BO (8)

where:

In C; = Natural log of the COPEC concentration in dietary item §
In Cyup= Natural log COPEC concentration in substrate (e.g., soil)
B1  =Slope of the food/prey-soil regression

BO = Intercept of the food/prey-soil regression

Ratio-derived BAFs can be generally presented as follows:
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C; = BAF x Cgyp (9)

where:

C; =COPEC concentration in dietary item j (mg COPEC/kg tissue, dry weight)

Csup = COPEC concentration in soil or sediment (mg COPEC/kg sediment or soil, dry weight)

BAF= Bioaccumulation factor developed based on paired empirical data where the BAF is equal to
the dietary tissue concentration divided by the soil concentration (kg substrate/kg tissue, dry
weight)

BAFs calculated based on equilibrium partitioning for non-ionic organic compounds are ba
Kow Of the constituent:

log BAF = B1 xlogK,, + B0

where:

BAF = Bioaccumulation factor

Kow = Octanol-water partitioning coefficient
B1 = Slope of the BAF-log K. regression

BO = Intercept of the BAF-log K. regression

BAFs calculated based on equilibrium partitioning are appliéd as ratio-based BAFs to estimate a dietary
tissue concentration value. Ko values to estimate ased on equilibrium partitioning were obtained
from USEPA Estimation Program Interface Suite K . 1.68 software program.

Finally, where ratio-based BAFs are not avail ble and where no equilibrium partitioning method has
been developed for calculating BAFs, othi ethods, such as using BAFs for chemicals within the same
class and with similar structural properties; may be adopted as surrogate BAFs.

Terrestrial BAFs will be derived to estimate dry weight concentrations of dietary items, consistent with
the reporting of soil COPEC concentrations in dry weight and the calculation of dry weight food ingestion
rates FIRaw (see Equation le 3 presents a summary of the terrestrial BAFs that will be used to
estimate COPEC uptake oil into terrestrial dietary items, including plants, soil invertebrates, and
imated concentrations in terrestrial items are also presented based on example
ections discuss the basis for selecting terrestrial BAFs to represent uptake into each

EPCs. The foll
terrestrial diet

The following sections provide the basis for estimating COPEC bioaccumulation from soil into terrestrial
vegetation for major constituent groups. Table 3 presents a summary of terrestrial plant BAFs and
associated references.

Soil-to-plant bioaccumulation relationships for metals were primarily selected from literature sources
adopted by USEPA in the derivation of Eco-SSLs (Table 3). Bioaccumulation relationships derived in
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Bechtel-Jacobs {1998a) were the primary soil-to-plant uptake relationships adopted in the Eco-SSL
development (USEPA, 2007a). Regression equations were used to estimate plant tissue concentrations
for six metals based on relationships derived in Bechtel-Jacobs (1998a) and two metals based on
relationships derived in USEPA (2007a). Slope and intercept values used in soil-to-plant regressions are
provided in Table 3. Bioaccumulation factors were selected for other metals based on median BAFs
derived in Bechtel-Jacobs (1998a) or soil-to-plant BAFs derived in Baes et al. (1984).

ved soil-
ie (2005),

Soil-to-plant bioaccumulation data were limited for fluoride and cyanide (Table 3). A rati
to-plant BAF was identified for fluoride based on Baes et al. (1984). Based on Lanno and"
cyanide bioaccumulation into plant tissues was assumed to be negligible for soil
Bioaccumulation and trophic transfer via the food web is not considered to be a*
inorganic cyanide compounds (Lanno and Menzie, 2005).

ficant pathway for

carbons (PAHs) were selected
d high molecular weight (HMW) PAHs

Soil-to-plant bicaccumulation relationships for polycyclic aromati
based on relationships derived for low molecular weight (LMW
by USEPA in the derivation of Eco-SSLs (USEPA, 2007a). LM Hs typically have three or less
condensed aromatic rings, while HMW PAHs have four or migre aromatic rings. Acceptable compound-
specific regression relationships were derived for AHs, except fluoranthene and naphthalene, and
HMW PAHSs, except benzo(b)fluoranthene, benzg( e, dibenzo(a,h)anthrancene, indeno(1,2,3-
cd)pyrene, and pyrene (Table 3). Slope and inté t'values used in soil-to-plant regressions are
provided in Table 3. For LMW and HMW PAH4 out acceptable regression relationships, median
ratio-derived BAFs were used to estimate -plant uptake (Table 3; USEPA, 2007a).

Compound-specific soil-to-plant BAFs were not identified for methylcyclohexane, a volatile organic
compound (VOC), or non-PA mi-volatile organic compounds (SVOCs) identified as soil COPECs,
except for pentachlorop (PCP). USEPA (2007a) recommends a median BAF from bioaccumulation
data for PCP in pla 5.93. For all other non-ionic compounds in this chemical class, the significant
regression equatigh.derived for rinsed plant foliage in USEPA (2007a} will be used to estimate the soil-
to-plant BAF Unction of log Kow based on the following relationship:

log BAF = —0.4057 x logK,,, + 1.781 (11)
where:
BAF = Soil-plant BAF for non-ionic organic constituents
Kow = Octanol-water partitioning coefficient

Compound-specific soil-to-plant BAF values derived from this relationship will be multiplied by the soil
EPC to estimate the concentration of non-PAH SVOCs in terrestrial plant tissue (Table 3).
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Chemical-specific soil to plant BAFs were not identified for dioxins/furans. Therefore, the regression
equation for the uptake of non-ionic organic constituents from soil to rinsed foliage derived in USEPA
(2007a) will be used to estimate uptake from soil to plant tissue for the dioxin/furan congeners
identified as COPECs at the site (see Equation 11 above). The application of this regression relationship
to estimate soil-to-plant BAFs for dioxin/furans is consistent with the approach used in the Los Alamos
National Laboratory {LANL) EcoRisk Database, Release 4.1 (LANL, 2017).

Soil invertebrates

into soil
‘fnvertebrate BAFs

The following sections provide the basis for estimating COPEC bioaccumulation fro
invertebrate tissue for major constituent groups. Table 3 presents a summary of
and associated references.

Soil-to-soil invertebrate biocaccumulation relationships for metals weie primarily selected from literature
sources adopted by USEPA in the derivation of Eco-5SSLs (Table ioaccumulation relationships derived
in Sample et al. (1998a) and Sample et al. {1999) were the ary soil-to-soil invertebrate uptake
relationships adopted in the Eco-SSL development (USEPA, 26007a). Regression equations were used to
estimate soil invertebrate tissue concentrations for siximetals based on relationships derived in Sample
et al. (1998a) and Sample et al. {1999). Slope an rcept values used in soil-to-soil invertebrate
regressions are provided in Table 3. Ratio-derivegd hioaccumulation factors were selected for other
metals based on median BAFs derived in Sa et al. (1998a). The median soil-to-insect BAF reported
in USACHPPM (2004) was selected as the r thallium (Table 3). Soil-to-soil invertebrate
bicaccumulation data were not identif} for antimony; therefore, a conservative default BAF of 1 was
applied, consistent with USEPA (260

Soil-to-soil invertebrate:
derived soil-to-plant,
USACHPPM {
soil uptake p

gdccumulation data were limited for fluoride and cyanide (Table 3). A ratio-
was identified for fluoride based on the median soil-to-insect BAF reported in
.yanide bioaccumulation into soil invertebrates was assumed to be negligible for
ys, consistent with Lanno and Menzie (2005).

Soil-to-soil invertebrate BAFs for LMW and HMW PAHs were selected from BAFs derived using the
partitioning model presented in USEPA (2007a). The model estimates the biota-to-soil water partitioning
coefficient (Kuww) and divides it by the soil-to-water partitioning coefficient (Kq) to calculate the soil-to-
earthworm BAF. USEPA (2007a) used soil organic carbon-to-water partitioning coefficient (K. to
calculate Kq using the class-specific models presented in Gerstl (1990). Further detail regarding the
calculation of soil-to-earthworm BAFs for LMW and HMW PAHs is provided in Section 3.2.2 and Table 5
in USEPA (2007a). Ratio-based soil-to-earthworm BAF values derived in USEPA (2007a) using this
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modeling approach will be multiplied by soil EPCs to estimate the concentrations of LMW and HMW
PAHSs in soil invertebrate tissues (Table 3).

Compound-specific soil-to-soil invertebrate BAFs were not identified for methylcyclohexane or non-PAH
SVOCs identified as soil COPECs, except for PCP. USEPA (2007a) developed a significant regression model
to estimate PCP uptake into earthworms; however, the Eco-SSL calculated using this significant
regression equation resulted in a soil concentration that was lower than the range of data use ‘to derive
the bioaccumulation regression relationship. Therefore, USEPA (2007a) applied a ratio-d
earthworm BAF of 14.63 based on the median BAF from empirical studies to estimate so
earthworm uptake of PCP. Consistent with USEPA (2007a), the median ratio-deri
estimate PCP concentrations in soil invertebrate tissue in the BERA (Table 3).

will be used to

For other non-ionic compounds in this chemical class, the partitioning mod
(2007) to estimate soil-to-soil invertebrate BAFs will be used to estim
the BERA. Further detail regarding the approach for calculating soi
organic constituents is provided in Section 3.2.2 in USEPA (2007a).
soil-to-soil invertebrate BAFs for non-PAH SVOC COPECs in soil
approach.

pproach applied by USEPA
il-to-soil invertebrate BAFs in
sgrthworm BAFs for non-ionic

4 presents the calculations of
ing the partitioning modeling

Bioaccumulation of dioxin/furans from soil to earthworm tissues was estimated based on the

relationship derived by Sample et al. (1998a

InCiper 3xInCsyy +1.182 (12)
where:
Cinvert = Concentration in sgil invertebrate (mg COPEC/kg tissue, dry weight)
Ceoit = COPEC concentration in soil (mg COPEC/kg soil, dry weight)

Small Mammals

The following
tissue for maje

1s provide the basis for estimating COPEC bioaccumulation from soil into mammal
tituent groups. Table 3 presents a summary of small mammal BAFs and associated

Soil-to-small mammal bioaccumulation relationships for metals were primarily selected from literature
sources adopted by USEPA in the derivation of Eco-SSLs (Table 3). Bioaccumulation relationships derived
in Sample et al. (1998b) and Baes et al. (1984) were the primary soil-to-small mammal uptake
relationships adopted in the Eco-SSL development (USEPA, 2007a). As indicated in Table 3, significant
regression equations were used to estimate soil invertebrate tissue concentrations for nine metals
based on regressions derived in Sample et al. (1998b). Slope and intercept values used in soil-to-small

18 of 37

ED_002345C_00006500-00019



Andrew Baris
Technical Memorandum: Proposed Wildlife Exposure Modeling Approach
August 17, 2018

mammal regressions are provided in Table 3. A median ratio-derived soil-to-small mammal BAF was
selected for mercury, consistent with LANL (2017).

Ratio-derived bioaccumulation factors were selected for antimony, barium, beryllium, and thallium
based on diet-to-beef transfer factors reported in Baes et al. (1984). Consistent with USEPA (2007a), in
the absence of alternative bioaccumulation relationships for metals, soil-to-beef transfer factors
reported for metals in Baes et al. (1984) were used to estimate soil-to-small mammal BAFs based on the
following:

BAFsoil—mammal = BAFsoil—diet x 50 x deiet—mammal (13) @

where:

BAFsoi-mammar = Soil-to-small mammal BAF (kg soil/kg mammal tissue, dry weig

BAFsoit_diet = Soil-to-diet BAF; conservatively assumed to be a soil invertebrate-diet (kg soil/kg
tissue, dry weight)

Tfoiermammar = Transfer factor from diet-to-mammal tissue (day/kg tissue)

50 = Cattle food intake rate of 50 kg/day assumed by Ba (1984)

Diet-to-beef transfer factors from Baes et al. (1984) for antimony,
provided in Table 3. Soil-to-small mammal BAF values derived y
the soil EPC to estimate the concentration of these select met

um, beryllium, and thallium are
this approach will be multiplied by
small mammal tissue (Table 3).

Soil-to-small mammal bioaccumulation data wéreg'limited for fluoride and cyanide (Table 3). Ratio-
derived soil-to-small mammal BAFs were derived | y LANL (2015) for fluoride; the LANL-derived soil-to-
small mammal BAF values will be multipli soil EPCs to estimate the concentrations of fluoride in
small mammal tissue (Table 3). Cyanide-Bigaccumulation into small mammals was assumed to be
negligible for soil uptake pathways, istent with Lanno and Menzie (2005).

Small mammal biocaccum n data for LMW and HMW PAHs are limited. However, USEPA (2007a)
assumes that PAH umulation is minimal due to the rapid metabolism of these compounds
following ingestiori*hy'birds and mammals. Consistent with USEPA (2007a), the bioaccumulation of LMW
and HMW PA small mammal tissue is assumed to be negligible (Table 3).

Compound-specific soil-to-small mammal bioaccumulation data were limited in general literature
sources for methylcyclohexane and most non-PAH SVOC soil COPECs. USEPA (2007a) developed a
general regression equation for the accumulation of PCP from the diet to chicken tissue; this
relationship was assumed to be representative of potential accumulation from the diet to small
mammal tissues (USEPA, 2007a). LANL (2015) calculated soil-to-small mammal BAFs for phthalates and
hexachlorobenzene. These soil-to-small mammal tissue BAFs were also selected to represent potential
bioaccumulation into small mammals at the Site (Table 3).
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For methylcyclohexane and other non-PAH SVQOCs, data for uptake from soil into small mammal tissue
are lacking. For these constituents, the model used in the LANL {2017) EcoRisk food chain model to
estimate the transfer factor for the flesh of prey items (TF_flesh_dw) will be used to estimate the BAF..
mammal vValue in the BERA. The LANL (2017) model multiplies the uptake factor for beef/cattle, derived
using the method recommended in EPA (2005j), by maximum ingestion rates and dietary BAFs of prey
items consisting of other modeled receptors with lower trophic orders. To retain consistency with the
LANL EcoRisk model, the same receptor species that were assumed in that model to be prey items for
higher trophic order receptors were used to develop the CFAC BAFs (i.e., American robin, deer mouse,
desert cottontail, and short-tailed shrew). The model equation is as follows: '

(FIRmMax*xBAFmax Plant/invert + SIRmax)

BAFsoi-mammal = BAFbeef x|

(1~-MC)
where:
BAF oi-mammai = Soil-to-small mammal BAF (kg soil/kg flesh, dry welght
BAFpeer = Diet-beef biotransfer factor (day/kg beef, wet weight)
FIR mox = Maximum ingestion rate for prey species (kg food,

BAFax pant/mvers = Maximum BAF for plant or invertebrate diet
dry weight/kg tissue, wet weight)

IR soitmax = Maximum ingestion rate of soil for prey

MC = Moisture content of flesh (assumed )

K2 +1.07 xlogK,, — 3.56) (15)

where: :

BAFpeer = Diet-beef biotra ‘actor (day/kg beef, wet weight)

Fatpeer = Fat content of ‘assumed to be 19 percent or 0.19 based on LANL (2017)
Kow = Octanol-water partition coefficient

Table 5 presents calculate
SVOCs lacking soil-tg

pilito-small mammal BAFs estimated for methylcyclohexane and non-PAH
nmal BAFs from other literature sources.

Sample 98b) developed bioaccumulation relationships for estimating uptake of TCDD and
tetrachlo nated dibenzofuran (TCDF) into small mammal tissue based on empirical data for multiple
organism groups. A simple regression equation was recommended to estimate TCDD concentrations in
small mammal tissue based on soil concentrations. A median ratio-derived soil-to-small mammal BAF
was recommended to estimate TCDF concentrations in small mammal tissue. Consistent with the
recommendations in Sample et al. (1998b), the simple regression equation will be used to estimate
concentrations of TCDD and other dioxin congeners in small mammals; the median soil-to-small
mammal BAF for TCDF will be used to estimate concentrations of TCDF and other furan congeners
(Table 3).
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The development of bioaccumulation relationships in aquatic environments will use similar approaches
to those described in the preceding section for terrestrial environments. Bioaccumulation of COPECs
from sediment or surface water into aquatic dietary items of semi-aquatic wildlife receptors, including
benthic invertebrates and fish, will be estimated using the sediment EPCs and biota-sediment
accumulation factors (BSAFs) or surface water EPCs and bioconcentration factors (BCFs). BSAFs or BCFs
will be developed based on regression madels or constant uptake factors that reflect the relationship
between COPEC concentrations in dietary items and concentrations in sediment or surface wa
BAFs for soil, the uptake of COPECs into biota within the aquatic environment is influenced
specific properties, sediment characteristics (e.g., organic carbon content), receptor phy:
characteristics of dietary items {e.g., lipid content).

logy, and the

imate COPEC

d fish. Estimated COPEC

#i BSAFs or BCFs derived on a
tic BSAFs or BCFs to

ife receptors of concern.

Table 5 presents a summary of the aquatic BSAFs or BCFs that will be used tg
bioaccumulation from sediment or surface water into benthic invertebraj
concentrations in aquatic biota are expressed on a dry weight basis basg
dry weight basis. The following sections discuss the basis for sele
represent uptake into each potential dietary item of semi-aquatj

Benthic invertebrates

¥the bioaccumulation of COPECs into benthic
ter concentrations, respectively (Table 5). The
PEC bioaccumulation into benthic invertebrates

Literature-based BSAFs or BCFs will be used to est
invertebrates as a function of sediment or surf
following sections provide the basis for estimatirig
for major constituent groups.

Metal concentrations in benthic
compilations (e.g., Sample et &
in Sample et al. (1998b)
metals included in th
estimated from indjv

vertebrates were estimated based on BSAFs presented in literature
1998b) and individual studies (Table 5). Median BSAF values provided
eferentially used to estimate benthic invertebrate concentrations for
wilation. For metals not included in Sample et al. (1998b), BSAF values were
iial literature studies. The BSAF for aluminum was estimated as the ratio of mean

atrations (dry weight) reported by Stanley et al. (2010). The median BSAF calculated
f mean benthic invertebrate tissue and mean whole sediment concentrations reported

macroinvertebrates. Median BSAFs calculated from paired benthic invertebrate and sediment data
reported by Hamilton et al. (2002) were used to estimate concentrations of barium, beryllium, selenium,
and vanadium (Table 5). Sediment bioaccumulation data for thallium were limited; however,
biomonitoring data from Turner et al. (2013) were used to estimate a BSAF for deposit-feeding
invertebrates. In the absence of other data, a BSAF calculated as the mean concentration in deposit-
feeding invertebrates and mean sediment concentration reported for the Plym estuary by Turner et al.
(2013) was used as a BSAF for thallium (Table 5).
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Bioaccumulation information for cyanide and fluoride was evaluated from literature reviews and
primary literature. Based on Lanno and Menzie (2005), cyanide bioaccumulation into benthic
invertebrates was assumed to be negligible for sediment and surface water uptake pathways.
Bioaccumulation and trophic transfer via the food web is not considered to be a significant pathway for
inorganic cyanide compounds {Lanno and Menzie, 2005).

Aqueous exposure to the fluoride ion (F} is the predominant bioaccumulation pathway for ags '
organisms. Given that aqueous exposure is the predominant bioaccumulation pathway, da
by Aguirre-Sierra et al. (2013) were used to relate aqueous F concentrations to F concer
muscle tissue and exoskeleton of the freshwater white-clawed crayfish (Austropo us pallipes). As
illustrated in Figure 1a, fluoride bioaccumulation in crayfish exoskeleton and muscle-tissue increased
exponentially from the control treatment (0.18 + 0.07 mg/L} to the highest testfreatment (84.8 £ 12.4
mg/L). Greater fluoride bioaccumulation was observed in the crayfish exos relative to muscle
tissue, consistent with other studies that indicate greater accumulati rtebrate exoskeletons
(Sands et al. 1998; Camargo, 2003).

Based on the water-to-invertebrate relationships derived from irre-Sierra et al. (2013), F
concentrations in benthic invertebrate tissues will be estim :in the BERA as a function of F
concentrations in unfiltered surface water using the relatiénship for crayfish muscle tissue (Figure 1a;
Table 5):

Cinvertebrates = 24.2 X 3(0-0773><Cwater) (16)

where:
Cinvertebrates = Concentration in inv fate tissue (mg F/kg dry weight)
Cwater = Concentration in tered surface water (mg F-/L)

The crayfish muscle bioaccumulatiorrrelationship derived from data reported by Aguirre-Sierra et al.
(2013) was selected to represent the more edible and digestible portions of crayfish tissue that may be
consumed by wildlife. Fu aluation of this assumption may be warranted in the BERA pending an
analysis of the potential nce of this uncertainty on the risk characterization of F- exposure to semi-
aquatic wildlife.

PAH corieentrations in benthic invertebrates were estimated based on the biota-sediment accumulation
relationship described by DiToro and McGrath (2000) in the development of the target lipid model.
BSAFs for PAH compounds were estimated on an organic carbon and lipid-normalized basis as a function
of Kow:

Clini _
BSAFoe = 2= K, 0% (17)
ocC
where:
BSAF,. = BSAF normalized by organism lipid content and sediment organic carbon content (kg

organic carbon/kg lipid)
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Ciipid = Tissue lipid concentration (mg PAH/kg lipid)
Coc = Sediment organic carbon concentration (mg PAH/kg organic carbon)
Kow = QOctanol-water partitioning coefficient

Organic carbon and lipid-normalized BSAFs were estimated on a dry weight basis using assumed lipid
and organic carbon content in sediments as follows:

1

BSAFdW = BSAFOC X flipid Xf (18)
ocC

where:

BSAFy = BSAF specific to prey type and COPEC (kg sediment/kg tissue, dry we

BSAF,, = Organic carbon and lipid-normalized BSAF specific to prey type and

organic carbon/kg lipid)

fiipid = Fraction of lipid in dietary items (0.065 assumed in Table 5 forbenthic invertebrates)

foc = Fraction of organic carbon in sediment {0.01 assumed i le 5)
PAH-specific BASFq, values will be multiplied by the COPEC concent sediment {mg/kg dry
weight) to estimate the COPEC concentration in the dietary item (x g'dry weight).

Bioaccumulation of other non-ionic organic compoun /as assumed to be similar to PAH
bioaccumulation. Therefore, BSAFs for non-PAH SV were estimated as a function of Koy using the
identical procedures described in the preceding:section for PAHs (Table 5).

Figh

Literature-based BASFs or BCFs will| sed to estimate the bioaccumulation of COPECs into fish tissue
as a function of sediment or surface.water concentrations, respectively (Table 5). The following sections
provide the basis for estimating EOPEC bioaccumulation into fish for major constituent groups.

nto fish tissue was estimated based on the bioconcentration of metals from
issue. Sample et al. (1996b) was selected as a preferential source of BCFs based on a
al BCF values identified in the literature {Table 5). BCF values were not available in
#{1996b) for barium, silver, and vanadium; therefore, literature studies were reviewed to
identify potential bioaccumulation relationships between surface water and fish tissue concentrations. A
BCF of 74.4 for barium bioaccumulation into male fish carcass reported by Nakamoto and Hassler (1992)
will be used to estimate barium concentrations in fish tissue. A BCF of 106 reported in study of silver
bioaccumulation into Common Carp (Cyprinus carpo) will be used to estimate silver bioaccumulation
into fish tissue {Laplace et al, 1992). CECBP (2008) compiled a range of BCF values from 365-630 for
vanadium uptake into fish. Due to the paucity of data to support the calculation of a BCF for vanadium,
the most conservative BCF value of 630 will be used to estimate fish tissue concentrations.

Metal bicaccumula
surface water i
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BCFs reported by Sample et al. (1996b) are based on wet weight fish tissue concentrations; therefore,
BCF values were divided by 0.25 based on assumed percent solids of 25 percent to estimate fish tissue
concentrations on a dry weight basis {Table 5). The BCF values for barium, silver, and vanadium were
also divided by 0.25, based on BCFs being reported on a wet weight tissue basis.

Cyanide and fluoride bioaccumulation into fish tissue were evaluated based on literature reviews and

illustrated in Figure 1b, F concentrations increased in skeletal tissue
increasing water concentrations ranging from the control treatment

Based on the assumption that F concentrations in soft fis ue, the more edible and digestible
portions of fish for potential piscivorous consumers rot exceed the concentrations in gill tissue, the
bicaccumulation relationship derived using data f et al. (2009) for gill tissue will be used as a
conservative estimate of F" concentrationsin s ue compartments of fish (Figure 1b). F
concentrations in fish tissue will be estimatediin the BERA as a function of F" concentrations in unfiltered
surface water using the relationship deri bioaccumulation into fish gills (Table 5):

7 % In Cparer + 214.34 (19)

where: _
Crsh = on in fish tissue (mg F/kg dry weight)
Cuater =Con n in unfiltered surface water (mg F/L)

The use of the fish gj
conservativel
piscivorous w
viscera) a
assume

accumulation relationship derived from data presented in Shi et al. (2009)

es F- concentrations in soft tissues that may be preferentially consumed by
eceptors (e.g., mink) that typically forage on soft tissue (e.g., skin, muscle, and

o fish carcasses that contain mostly skeletal tissue. The use of this relationship also

at whole-body fish tissue concentrations will not exceed concentrations observed in fish gill

tissue for those piscivorous wildlife that may consume the entire fish. Further evaluation of these
assumptions may be warranted in the BERA pending the potential influence of this uncertainty on the
risk characterization of F- exposure to semi-aquatic wildlife.

PAH concentrations in fish tissue were estimated based on the K.w-based biota-sediment accumulation
relationship used to estimate PAH concentrations in benthic invertebrates (DiToro and McGrath, 2000).
Estimated concentrations were based on the equations presented in the preceding section for benthic
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invertebrates and an assumed dry weight lipid fraction in fish of 0.085 (Table 5). The application of the
BSAF relationship from DiToro, and McGrath (2000) conservatively assumes that exposure and uptake to
fish within the water column does not exceed exposure and uptake in sediment and pore water within
the benthic environment.

Fish tissue concentrations of non-PAH SVOCs were estimated using the Kow-based biota-sediment
accumulation relationship used to estimate PAH concentrations in fish tissue, as described in '
preceding section (DiToro and McGrath, 2000). Consistent with the approach for benthic i
this approach assumes that the bioaccumulation of other non-ionic organic compounds is'a
compound-specific Kow, similar to PAHs. '

tebrates,
nction of

In dietary exposure models, the AUF reflects the proportion of the d +'a receptor may obtain
while foraging within the a given exposure area. The AUF is prima ated based on the ratio of the
size of the exposure area to the area of the receptor foraging range:Species with very relatively small
home ranges (e.g., meadow vole or short-tailed shrew) may forage entirely within the study area.
However, for species with larger home ranges (e.g., large birds and mammals), most of the receptor diet
may come from outside of an exposure area or the Sitg. If the foraging range of a receptor is greater
than an exposure area, the EDD will be calculated e'sum of AUF-weighted doses obtained from the
exposure areas within the typical home range of the‘receptor.

Available literature sources use various m
feeding or foraging radius, feeding or fo
cases, the size of the area used by

to represent the size of the area used by a receptor:
istance, and home range or territory size, etc. In most
tor for foraging and feeding is reported in acres and is referred
to as the home range or territory. itial exposure modeling, AUFs will be assigned a value of 1 (i.e.,
100 percent foraging within the expdsure area) and adjusted subsequently in the refined evaluation
based on the corresponding sizes of the receptor-specific home range and the exposure area. Refined
AUFs may also account f oped or unvegetated areas of the Site that do not provide habitat or
forage base for wildlif ors; these areas may be excluded from refined dietary exposure estimates

r'also be considered in the calculation of the AUF to estimate the exposure duration for
may only be present seasonally at the Site. Seasonal use will initially be assumed to be
owever, estimates of seasonal use may be incorporated into the AUF for the refined
exposure evaluation in the BERA to address the potential uncertainty associated with the duration of
exposure for seasonal receptors at the Site.

TRVs will be derived to evaluate the potential for adverse ecological effects associated with the dietary
doses estimated using the approaches described in the preceding sections. Two tiers of chronic TRVs
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representing no-observed-adverse-effect levels (NOAELs) and LOAELs for growth and reproduction
endpoints will be identified to evaluate the potential for adverse effects via wildlife ingestion pathways:
¢ Low TRV (TRViow): Represents the geometric mean NOAEL TRV identified in literature studies.
»  High TRV (TRVhigh): Represents a TRV-based on chronic exposure, that estimates a
representative LOAEL in literature studies.

The two tiers of TRVs will be used to evaluate potential wildlife exposure based on EDDs calculated using
preliminary and refined exposure assumptions and EPCs. For receptors with special regulatory status
(i.e., threatened or endangered species), the TRV, will be used to estimate the potential for adverse
effects to potential individual receptors within the population.

Preliminary TRVs for bioaccumulative COPECs were identified from primarily pee
compilations of toxicity data for ecological risk assessment including:
e USEPA Eco-SSLs (USEPA, 2005a)
e LANL EcoRisk (LANL, 2017)
e  ORNL Toxicological Benchmarks for Wildlife: 1996 Revision (Sar :6t al., 1996b)

At the request of USEPA, LOAELs provided in TechLaw (2008) and
TechLaw (2008) were also considered in the selection of TRVs,
these compilations, literature sources were reviewed to id y-appropriate TRVs. The following
sections summarize the basis for selecting preliminary TRVs from literature/database sources for the
BERA; a summary of the TRVs and associated sour tovided in Table 6. The BERA Report will also
include an appendix that documents the basis for g final TRVs used in dietary exposure modeling.

approach used to derive TRVs in
constituents lacking toxicity data from

Avian and mammalian TRVs for met selected primarily from TRVs used by the USEPA to develop
Eco-SSLs or derived from studies gg ed by the USEPA for Eco-SSL derivation (USEPA, 2005). The Eco-
SSL approach generally adopted TRVs based on the geometric mean of NOAEL doses for growth and
reproduction endpoints from : Cepted studies. However, in cases where the geometric mean of growth
and reproduction NOAEL ded the lowest bounded LOAEL, the Eco-SSL conservatively selected the
highest bounded NO, elow the lowest bounded LOAEL for growth, reproduction, or survival as the
preferred TRV. Other efidpoints were considered for metals lacking data on growth, reproduction, or
survival data

: identified for metal COPECs identified in the SLERA, except antimony and beryllium
Most avian NOAEL TRVs for metals were obtained from the TRVs used by the USEPA to
develop Eco-5SLs (Table 6); however, avian Eco-SSL TRVs were not available for mercury and thallium.
Avian TRVSs identified for mercury by Sample et al. (1996b) will be used as representative NOAEL and
LOAEL TRVs in the BERA (Table 6). For thallium, avian NOAEL and LOAEL endpoints selected in the LANL
EcoRisk database for the derivation of ecological screening levels (ESLs) were identified as preliminary
TRVs for the BERA. Avian TRVs were not identified in the literature for antimony or beryllium; therefore,
potential avian effects related to the estimated dietary exposure of these metals will be addressed as an
uncertainty in the BERA.
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Mammalian TRVs were selected primarily from TRVs used by the USEPA to develop Eco-SSLs or derived
from studies accepted by the USEPA for Eco-SSL derivation {Table 6). NOAEL TRVs were selected based
on TRVs used in the Eco-SSL derivation for metals, except for aluminum, mercury, and thallium.
Consistent with USEPA (2003b}, mammalian exposure to aluminum will be evaluated based on soil
conditions, particularly pH, that control the mobility and bioavailability in soils (EHS Support, 2018). The
NOAEL TRVs identified for mercury by Sample et al. (1996b) will be used as the representative NOAEL;
however, a corresponding mammalian LOAEL was not identified for mercury (Table 6). For thallium,
NOAEL and LOAEL endpoints were selected from the mammalian study selected in the LANL EcoRisk
database (Formigli et al., 1986) for the derivation of ESLs.

Avian and mammalian TRVs for cyanide and fluoride were identified based on stidi€s'selected for use in
calculating ESLs in the LANL EcoRisk Database (LANL, 2017; Table 6). For cyaridé, an oral dosing study
evaluating American kestrel (Falco sparverius) survival conducted by Wieg et al. (1986) will be used
as the basis for avian TRVs (Table 6). A chronic critical life stage study g ing reproductive effects in
rats conducted by Tewe and Maner (1981) will be used as the basi rammalian TRVs for cyanide. For
fluoride, a dietary study of reproductive effects of chronic-critical life*stage exposure of Eastern screech
owl (Megascops asio) conducted by Pattee et al. (1988) will be tised as the basis of the avian NOAEL and
LOAEL (Table 6). A chronic study evaluating potential reprodictive effects of dietary fluorine in mink
conducted by Aulerich et al. (1997) will be used the basis fof.the mammalian NOAEL and LOAEL (Table

Consistent with USEPA (2007f), dietary re to LMW and HMW PAHs will be evaluated as an
aggregate dose of each molecular weigh oup due to the common toxicological properties of PAH
compounds within each group.

Avian toxicological studies f
number of acceptable studi
accepted by USEPA (2
al. (1994) were sele

PAHs, physiologic:
Patton and Di

MW and HMW are limited. USEPA (2007f) did not identify a sufficient

0 derive avian Eco-SSLs for either class of PAHs. Of the avian studies

the minimum NOAEL and LOAEL endpoints for growth reported by Trust et
*as HMW PAH avian TRVs for the BERA (Table 6). For avian exposure to LMW
endpoints from a chronic dietary exposure {7 months) to mallard duck reported by
1980) were selected as LMW PAH avian TRVs for the BERA (Table 6).

NOAELs for LMW and HMW PAHs were selected based on TRVs used by USEPA in the
derivation of Eco-SSLs (USEPA, 2007f). The mammalian NOAEL TRV for LMW PAHs was selected as the
geometric mean of NOAELs for growth and reproduction endpoints (Table 6). The geometric mean of
HMW PAH mammalian endpoints for growth and reproduction evaluated in Eco-SSL studies was 18
mg/kg-bw/day; however, the mammalian Eco-SSL for HMW PAH was conservatively derived based on
the highest bounded NOAEL below the lowest bounded LOAEL for growth, reproduction, or survival
(0.615 mg/kg-bw/day). The TRV of 0.615 mg/kg-bw/day used in the derivation of the mammalian Eco-
SSL for HMW PAHs was conservatively selected as the HMW mammalian NOAEL for the BERA. However,
given that this NOAEL TRV is two orders of magnitude below the geometric mean of mammalian growth
and reproduction NOAELs for HMW PAHs in Eco-SSL studies, further evaluation of mammalian exposure
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to HMW PAHs in the BERA will include consideration of the range of NOAEL endpoints for growth and
survival. Mammalian LOAEL TRVs for LMW and HMW PAHs selected for the BERA are consistent with
TechLaw (2008) based on the geometric mean of LOAEL endpoints for growth and reproduction (Table
6).

Limited toxicological data are available for the development of TRVs for non-PAH SVOCs. Avian TRVs

4 of the 12 non-PAH SVOC COPECs, including two of the phthalate ester compounds, bi Ihexyl)
phthalate and di-n-butyl phthalate (Table 6). Avian TRVs for di-n-buty! phthalate were
surrogate values that will be used to evaluate butyl benzylphthalate and di-n-octy
The avian NOAEL TRV for pentachlorophenol was selected consistent with USEP
TRV for pentachlorophenol was estimated as the geometric mean of LOAEL ¢t
reproduction, consistent with TechLaw (2008). No avian TRVs were identi
SVOC COPECs (Table 6). Potential avian effects related to the estimat
PAH SVOCs will be addressed as an uncertainty in the BERA.

ate (Table 6).
g); the LOAEL
oiﬁts for growth and

r the remaining non-PAH
ry exposure of these non-

7 of the 12 non-PAH SVOCs (Table
sistent with the value selected by LANL
lafe, di-n-octyl phthalate, and
entachlorophenol was selected consistent

as estimated as the geometric mean of LOAEL

with TechLaw (2008). NOAEL and LOAEL endpoints
tary study of Sprague-Dawley rats were selected as

e (Table &). Sufficient information was not identified to
mammalian dietary exposure to these non-PAH SVOCs will

Literature-based TRVs for mammalian receptors were identified, f¢
6). The selection of mammalian TRVs for non-PAH SVOCs w;
EcoRisk for bis(2-ethylhexyl) phthalate, butyl benzylph
hexachlorobenzene (Table 6). The mammalian NOA
with USEPA (2007g); the pentachlorophenol LO
endpoints for growth and reproduction, consist
reported by Kociba et al. (1977} in a chroni
NOAEL and LOAEL TRVs for hexachlorob
develop TRVs for the remaining five
be addressed as an uncertainty in

ERA.

Dietary exposure to uran compounds will be evaluated based on the potential additive toxicity

of dioxin/furan compdunds based on the toxicity equivalence methodology (USEPA, 2008a). A dietary

dose will be calculated for the 17-individual dioxin/furan compounds in each sample. The EDD for each
ultiplied by the compound-specific TEF for birds or mammals to express the dose

for birds and mammals.

Avian and mammalian TRVs for 2,3,7,8-TCDD were selected consistent with Sample et al. (1996b) and
the LANL EcoRisk database (LANL, 2017), respectively (Table 6). Sample et al. {1996b) identified
reproductive NOAEL and LOAEL endpoints (egg production and hatchability) for ring-necked pheasant in
a study reported by Nosek et al. (1992). The LANL EcoRisk database selected mammalian NOAEL and
LOAEL values based on chronic reproductive endpoints from a multi-generational study of Sprague-
Dawley rats reported by Murray et al. {1979). NOAEL and LOAEL TRVs from these sources were selected
to evaluate dietary TECs for avian and mammalian receptors of concern in the BERA (Table 6).
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Table 1
Summary of Bioaccumulative COPECs for Evaluation in Wildlife Exposure Modeling
Technical Memerandum: Proposed Wildlife Exposure Modeling Approach Columbia
Falls Aluminum Company
Columbia Falls, Montana

COF"E0$ by Matrix Bivaceuniulative GORPEC Lists
Wild)ire

Ing Koy
USEPA 2000
COPEGs i i | s | oy, USEPAZ017 | important  |USEPAEcoss | nOeton
Water BB PRTCanstituents  Bioaccumulative: & Wildhre Value
Conatitudnts

mwmwmm

Aluminum e Narrative Statement Yes
Antimony NA ® ® NA Yes
Arsenic NA ® ® NA Yes
Barium NA d # d NA Yes
Beryllium NA ® NA Yes
Cadmium NA i ® ® NA Yes
Chromium NA ® ® NA Yes
Cobalt NA d NA Yes
Copper NA ® ® ® NA Yes
Lead NA i ® ® NA Yes Yes
Manganese NA L ® NA Yes
Mercury NA ® ® NA Yes Yes
Nickel NA ® N N NA Yes
Selenium NA i ® NA Yes
Silver NA ® NA Yes
Thallium NA d NA Yes
Vanadium NA ® NA Yes
ch NA d NA Yes

Cyanlde
Fluonde

Calmum ®

Magnesium NA ® NA
Potassium NA ® NA
Sodium d NA

Polveyclic Aromatic Hydrotarbons {(FAHSs) “M“

Total HMW- PAHs

Total LMW- PAHs

Dioxin and Dioxin-Like Compotinds mwmm
_ Dioxnand Digsin ke Compours | na | e [ |

1 2,45 Tetrachlorobenzene 4571 Yes Yes Yes
1.4-Dioxane No
2,3,4,6-Tetrachlorophenol Yes Yes
2,4,5-Trichlorophenol No
2,4-Dimethylphenoi No
2,4-Dinitrophenol No
2,4-Dinitrotoluene No
2,6-Dinitrotoluene No
2-Chloronaphthalene Yes Yes
2-Chiorophenol ® No
2-Methylphenol ® No
2-Nitrophenol No
3- and 4-methylphenol *F No
3,3'"-Dichlorobenzidine ® ® No
4,8-Dinitro-2-methylphenol 3 L No
4-Chioroaniline 1.721 d No
4-Nitrophenol 1.908 ® ® No
Acetophenone 1.670 # No
Benzaldehyde 1.710 & & No
Bis(2-chloroethoxy)meth: 1.285 d No
Bis(2-chloroethyl)s 1.560 # No

bl 8.392 ® ® Yes Yes
Butylbenzylphthalaté, 4.845 L Yes Yes
Caprolactam 0.660 & No
Carbazole 3.230 # No
Dibenzofuran 3.715 i ® Yes Yes
Di-n-butyl phthalate 4.610 L Yes Yes
Di-n-octyl phthalate 8.540 ® Yes Yes
Hexachlcrobenzene 5.860 ® @ Yes Yes Yes Yes
Hexachlorobutadiene 4717 i ® Yes Yes Yes
Hexachlorocyclopentadiene 4.625 L Yes Yes Yes
Hexachlorosthane 4.035 d Yes Yes Yes
Nitrobenzene 1.811 ® @ No
N-Nitrosodi-n-propylamine 1.326 ® No
N-Nitrosodiphenylamine 3.161 L No
Pentachlorophenol 4.735 ® ® Yes Yes Yes Yes
Phenol 1.513 @

mwmwmmmmm
Bromomethane 1.180
| Cyclohexane | 3.180 | I | | No | I I | |
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Table 1
Summary of Bioaccumulative COPECs for Evaluation in Wildlife Exposure Modeling
Technical Memerandum: Proposed Wildlife Exposure Modeling Approach Columbia
Falls Aluminum Company
Columbia Falls, Montana

COPEGS by Matrix Bicaccupiilative COPEC Lists
g K. Wildlire

USEPA 2000
COPECS i i | s | oy, USEPAZ017 | important  |USEPAEcoss | nOeton
Water BB PRTCanstituents  Bioaccumulative: & Wildhre Value
Conatitudnts

Isopropylbenzene 3.450 # No
Methylacetate 0.370 No
Methylcyclohexane 3.500 Yes Yes
m,p-Xylene 3.080 & No
o-Xylene 3.080 # No
Notes:

COPEC, constituent of potential ecological concern

®, COPEC identified in the SLERA

#, COPEC identified in the BERA Work Plan as having a detection in at least one sample and had no associated ecological screening value.
USEPA, United States Environmental Protection Agency
PBT, persistent bioaccumulative toxic

Eco-SSL, ecological soil screening level

NA, not applicable

PAH, polycyclic aromatic hydrocarbons

SVOC, semi-volatile organic compounds

HMW, high molecular weight

LMW, low molecular weight
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Table 2
Summary of Exposure Parameters for Wildlife Receptors of Concern
Technical Memorandum: Proposed Wildlife Exposure Modeling Approach
Columbia Falis Aluminum Company
Columbia Falls, Montana

Dietary Composition Ingestion Rates

Representative Species Body Weight (kg wet weight)
Foraging | Foraging Range Drinking Water Incidental Substrate

Range * Refererice

Common Scientific Foodoweb

Name Name classification Bedy wewht Reletence

Blant Material
nvertebrates
Small Mammals

Dietary Composition
Reference Average | 25D
‘fg dry Reference Liday Reference % of Dry 1% of Dry ‘fg dy Reference
weight/day weight/day
Intake | Intake

American dipper Cinclus mexicanus pas::rm‘:‘r‘“‘j:tr'tfvore 0.32 kmn Bakus (1959) 0.0546 | 0.0048 Dunning (2008) 100% Ealey (1977) 91 | Nagy 2001y | 0.0084 Calde(régi )Braun ” 0.0002 Assumption
. . small soil probing Gregg (1984); . o o -- b Calder and Braun o o

American woodock | Scolopax minor invertivore 11.1ac USACHPPM (2004) 0.176 - Dunning (2008) 10% | 90% Sample and Suter (18! 0.021 Nagy (2001) 0.018 (1983) 7.5% 6.9% 0.0016 USEPA (2007a)
I small aquatic . o o a Calder and Braun o N Sample and Suter

Belted kingfisher Ceryle alcyon piscivore 1.03km | USACHPPM (2004) | 0.148 | 0.0208 Dunning (2008) 10% | 90% 0.023 Nagy (2001) 0.016 (1983) 0% 0 (1994)"

Mourning dove Zenaida macroura small herbivore 1.6 km T°m'ér1’;gg)et al. 0.115 | 0.0018 Dunning (2008) 100% 0013 | Nagy (2001)° | 0014 Ca'de(ré';i)&a“” 68% | 5.3% | 000089 | USEPA (2007a)

Red-tailed hawk Buteo jamaicensis large carnivore 551 ac Samp'(‘:sg‘f) Suter |4 028 Dunning (2008) 0084 | Nagy (2001)' | 0.060 Ca'de(rg;‘;)Bra“” 26% | 23% | 00022 | USEPA (2007a)

Yellow-billed Cuckoo |Coccyzus americanus | (S7Testial insectivore | 1 yopys (0017a) | 0084 | 0.0001 Dunning (2008) 100% USEPA (1993) 0010 | Nagy (2001)° | ©.0094 | CAlderandBraun 0% 0 Assumption”

(Special Status) (1983)

Mammalian Receptors

Canada lynx Lynx canadensis n?;g:::alc:;:t\;i;e 10,625ac | USFWS (2017b) 6.0 USFWS (2017b) 100%|  USFWS (2017b) 0.187 | Nagy (2001)° | 0.497 Ca'de(’é’g)&a“” 28% | 008% | 0005 |Beyeretal (1994)"

. e large carnivore . o o USFWS (2007), NPS e Calder and Braun o o m
Grizzly bear Ursus arctos horribilis (Special Status) 32,000 ac USFWS (2007) 90.7 USFWS (2007) 10% | 10% (2018) 1.959 Nagy (2001) 5721 (1983) 2.8% 0.08% 0.055 Bevyer et al. (1994)

. . Brown and Lasiewski (1972), as cited s e Calder and Braun o o
Long-tailed weasel Mustela frenata small carnivore 12 ac USACHPPM (2004) 0.153 0.003 in USACHPPM (2004) 100%| USACHPPM (2004) 0.0079 Nagy (2001) 0.018 (1983) 1.6% 21% 0.0001 USEPA (2007a)
. . small terrestrial K Brochu et al. (1988), as o ¢ Calder and Braun o o
Meadow vole Microtus pennsylvanicus herbivore 0.13ac McCann (1976) 0.033 | 0.0082 USEPA (1993) 100% USACHPPM (2004) 0.0050 Nagy (2001) 0.005 (1983) 1.3% 1.4% 0.00007 USEPA (2007a)

. . medium semi-aquatic Sample and Suter . i o USEPA (1993); Sample . Calder and Braun o . Sample and Suter
Mink Mustela vison piscivore 1.85 km (1994) 0.550 100% and Suter (1994) 0.0238 Nagy (2001) 0.058 (1983) 0% 0 (1994)
\'f\forf\?e':rle”can Gulo gulo luscus ”zggg‘::afgg't‘;‘;;e 26000 ac M°”ta”ég;e8';' Guide| 5o 100%|  Lofroth et al. (2007) 0240 | Nagy 2001)° | 0643 Ca'de(ré';%)&a“” 28% | 0.08% | 0007 |Beyeretal (1994)"
Short-tailed shrew  |Blarina brevicauda S”::L';:\'/iﬁg‘a' 1 ac Samp'(‘:;;g Suter |\ 5015 |0.00078 100% Sample and Suter (1994)]  0.002 Nagy (2001)¢ |  0.002 Ca'de(régi)&a“” 11% | 15% | 000002 | USEPA (2007a)
Notes:

a, ac, acres; km, kilometers

b, Estimated food ingestion rate (kg/day dry weight) for insectivorous birds = (0.54[Body Weight in grams]°'7°5)/1 000 (Nag
¢, Estimated food ingestion rate (kg/day dry weight) for omnivorous birds = (0.670[Body Weight in grams] 0‘627)/1000 (Nag
d, Estimated food ingestion rate (kg/day dry weight) for carnivorous birds = (0.849[Body Weight in grams] D'663)/1 000 (INax
e, Estimated food ingestion rate (kg/day dry weight) for Carnivora = (0.102[Body Weight in grams] %*/1000 (Nag)
f, Estimated food ingestion rate (kg/day dry weight) for Rodentia = (0.332[Body Weight in grams] ®77*)/1000 (Na
g, Estimated food ingestion rate (kg/day dry weight) for insectivorous mammals = (0.373[Body Weight in grams]
h, Based on assumption from Sample and Suter 1994 that substrate ingestion is neglible for piscivores;

i, Estimated drinking water ingestion rate for birds = (0.059x[body weight in kg]BW®® (Caulder and Braun, 1983)
j, Estimated drinking water ingestion rate for mammals = (0.099x[body weight in kg]BW090 (Caulder and Braun, 1983)

k, As cited in the Montana Field Guide, accessed at http:/fieldguide.mt.gov/default.aspx

I, Literature-based incidental substrate ingestion rate was not identified; assumed limited incidental ingestion based on habitat preference for fast-moving, clear streams with sand, pebble, or rocky stream bottoms.
m, Based on red fox soil ingestion rate assuming the soil ingestion rate of top predators does not exceed the soil ingestion rate of red fox.

SD, standard deviation

200);
2%)/1000 (Nagy 2001);

EMS
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Table 3
Estimated Concentrations in Dietary Items of Terrestrial Receptors
Technical Memorandum: Proposed Wildlife Exposure Modeling Approach
Columbia Falls Aluminum Company
Columbia Falls, Montana

Inorganics - Metals

Maximum Soil
Exposure Point
Concentration
(mg/kg, dry
weight}

Estimated Concentrations in Dietary ltems of Temrestrial Receplors (ma/kg. dry weight)

Soil
Bioaccumulation Estimated Bioaccumulation Estimated Binaccumulation Estimated
Factor (BAF) BAF Relerence Factor (BAF} BAF Reference Eactor (BAF) BAF Reference

Inorganics - Other Inorganics

Cyanide

NA

10.0

0.00E+00

0.0E+00

0.00E+00

0.0E+00

Lanno and Menzie (2005)

0.0E+00

0.0E+00

Aluminum NA 10.0 8.00E-04 8.0E-03 Baes et al. (1984) 5.3E-02 5.3E-01 Sample et al, (1998a) 6.0E-06 6.0E-05 Baes et al. (1984)°
Antimony NA 10.0 Regression® 3.42E-01 USEPA (2007a) 1.0E+00 1.0E+01 5.0E-02 5.00E-01 Baes et al. (1984)°
Arsenic NA 10.0 3.75E-02 3.8E-01 Bechtel-Jacobs (1998a)’ Regression’ 1.23E+00 Regression? 517E-02 Sample et al. (1998b)
Barium NA 10.0 1.56E-01 1 BE+00 Bechtel-Jacobs (1998a)’ 9.100E-02 9.1E-01 ple et al. (1998a) 6.8E-04 6.83E-03 Baes et al. (1984)°
Beryllium NA 10.0 Regression® 3.17E+00 USEPA (2007a) 45E-02 mple et al. (1998a) 2.3E-03 2.25E-02 Baes et al. (1984)°
Cadmium NA 10.0 Regression® 2.19E+00 Bechtel-Jacobs (1998a) Regression? Sample et al. (1999) Regression? 8.44E-01 Sample et al. (1998b)
Chromium NA 10.0 4.10E-02 4.1E-01 Bechtel-Jacobs (1998a)’ 31E-01 Sample et al. (1998a) Regression? 1.26E+00 Sample et al. (1998b)
Cobalt NA 10.0 7.50E-03 7.5E-02 Bechtel-Jacobs (1998a)’ 1.2E-01 Sample et al. (1998a) Regression? 2.33E-01 Sample et al. (1998b)
Copper NA 10.0 Regression® 1.27E+00 Bechtel-Jacobs (1998a) 5.2E-01 Sample et al. (1998a) Regression? 1.07E+01 Sample et al. (1998b)
Lead NA 10.0 Regression® 9.64E-01 Bechtel-Jacobs (1998a) Regression® Sample et al. (1999) Regression? 2.99E+00 Sample et al. (1998b)
Manganese NA 10.0 7.90E-02 7.9E-01 Bechtel-Jacobs (1998a)’ 2.14E+00 Sample et al. (1999) 21E-02 21E-01 Sample et al. (1998b)*
Mercury NA 10.0 Regression® 1.74E-01 Bechtel-Jacobs (1998a) 3.9E+01 Sample et al. (1998a) 3.8E-01 3.8E+00 LANL (2015)
Nickel NA 10.0 Regression® 6.06E-01 Bechtel-Jacobs (1998a) 7.8E+00 Sample et al. (1998a) Regression? 2.28E+00 Sample et al. (1998b)
Selenium NA 10.0 Regression® 6.46E+00 Bechtel-Jacobs (1998a) 5.02E+00 Sample et al. (1998a) Regression? 1.57E+00 Sample et al. (1998b)
Thallium NA 10.0 4.00E-03 4.0E-02 Baes et al. (1984) 5.4E-01 USCHPPM (2004) 1.1E-01 1.08E+00 Baes et al. (1984)°
Vanadium NA 10.0 4.85E-03 4.9E-02 Bechtel-Jacobs (1998a)' 4.2E-01 Sample et al. (1998a) 1.2E-02 1.2E-01 Sample et al. (1998b)"
Zinc NA 10.0 Regression® 1.73E+01 Bechtel-Jacobs Regression® 1.82E+02 Sample et al. (1998a) Regression? 9.24E+01 Sample et al. (1998b)

Lanno and Menzie (2005)

Fluoride

Semi-volatile Organic Compounds (SVYOCs) - Polycyclic A
Low Molecular Weight (LMW) PAHSs:

6.00E-02

6.0E-01

romatic Hydrocarbons (PAHs)

1.2E-01

1.2E+00

USCHPPM (2004)

1.6E-02

1.6E-01

LANL (2015)

Acenaphthene 3.92 10.0 Regression® USEPA (2007a) 1.47E+00 1.47E+01 USEPA (2007a) 0.0E+00 0.0E+00 USEPA (2007a)'
Acenaphthylene 4.07 10.0 Regression® USEPA (2007a) 2.29E+01 2.29E+02 USEPA (2007a) 0.0E+00 0.0E+00 USEPA (2007a)
Anthracene 4.55 10.0 Regression® USEPA (2007a) 2.42E+00 2.42E+01 USEPA (2007a) 0.0E+00 0.0E+Q0 USEPA (2007a)'
Fluorene 418 10.0 Regression® USEPA (2007a) 9.57E+00 9.57E+01 USEPA (2007a) 0.0E+00 0.0E+00 USEPA (2007a)'
Naphthalene 3.36 10.0 1.22E+01 1.2E+02 USEPA (2007a) 4.40E+00 4.40E+01 USEPA (2007a) 0.0E+00 0.0E+00 USEPA (2007a)
Phenanthrene 4.55 10.0 Regression® 3.5E+00 USEPA (2007a) 1.72E+00 1.72E+01 USEPA (2007a) 0.0E+00 0.0E+Q0 USEPA (2007a)
High Molecular Weight (HMW) PAHSs:
Benzo(a)anthracene 57 10.0 Regression® 2.6E-01 USEPA (2007a) 1.59E+00 1.59E+01 USEPA (2007a) 0.0E+00 0.0E+00 USEPA (2007a)
Benzo[A]Pyrene 6.11 10.0 Regression® 1.2E+00 USEPA (2007a) 1.33E+00 1.33E+01 USEPA (2007a) 0.0E+00 0.0E+Q0 USEPA (2007a)'
Benzo(b)fluoranthene 6.2 10.0 3.10E-01 3.1E+00 USEPA (2007a) 2.60E+00 2.60E+01 USEPA (2007a) 0.0E+00 0.0E+00 USEPA (2007a)'
Benzo(g,h,i)perylene 6.7 10.0 Regression® 6.0E+00 USEPA (2007a) 2.94E+00 2.94E+01 USEPA (2007a) 0.0E+00 0.0E+00 USEPA (2007a)
Benzo(k)fluoranthene 6.2 10.0 Regression® 8.4E-01 USEPA (2007a) 2.60E+00 2.60E+01 USEPA (2007a) 0.0E+00 0.0E+Q0 USEPA (2007a)'
Chrysene 57 10.0 Regression® 2.6E-01 USEPA (2007a) 2.29E+00 2.29E+01 USEPA (2007a) 0.0E+00 0.0E+00 USEPA (2007a)'
EHS' . Support Page 1 of 3
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Table 3
Estimated Concentrations in Dietary Items of Terrestrial Receptors
Technical Memorandum: Proposed Wildlife Exposure Modeling Approach
Columbia Falls Aluminum Company
Columbia Falls, Montana

Estimated Concentrations in Dietary ltems of Temrestrial Receplors (ma/kg. dry weight)

Small Mammals

Maximum Soil

Exposure Point Soil
{mg/kg, dry

Dibenz(a,hjanthracene 6.69 10.0 1.30E-01 1.3E+00 USEPA (2007a) 2.31E+00 2.31E+01 USEPA (2007a) 0.0E+00 0.0E+00 USEPA (2007a)
Fluoranthene 495 10.0 5.00E-01 5.0E+00 USEPA (2007a) 3.04E+00 3.04E+01 USEPA (2007a) 0.0E+00 0.0E+00 USEPA (2007a)'
Indeno (1,2,3-CD) Pyrene 6.58 10.0 1.10E-01 1.1E+00 USEPA (2007a) 2.86E+00 2.86E+01 USE ; 0.0E+00 0.0E+00 USEPA (2007a)
Pyrene 488 10.0 7.20E-01 7.2E+00 USEPA (2007a) 1.75E+00 1.75E+01 0.0E+00 0.0E+00 USEPA (2007a)
Semi-volatile Organic Compounds (8YOCs) - Non-PAH S8YOCs
Bis(2-ethythexyl)phthalate 8.39 10.0 2.38E-02 2.4E-01 USEPA (2007a) 5.4E+01 5.4E+02 USEPA (2007a) 7.8E-01 7.8E+00 LANL (2015)
Butylbenzylphthalate 484 10.0 8.54E-01 8.5E+00 USEPA (2007a) 1.1E+01 USEPA (2007a) 1.2E-01 1.2E+00 LANL (2015)
Dibenzofuran 3.71 10.0 1.88E+00 1.9E+01 USEPA (2007a) 7.0E+00 USEPA (2007a) 5.60E-02 5.8E-01 Calculated®
Di-n-butyl phthalate 461 10.0 8.14E-01 8.1E+00 USEPA (2007a) 1.0E+01 USEPA (2007a) 45E-01 4 5E+00 LANL (2015)
Hexachlorobenzene 5.86 10.0 253E-01 2.5E+00 USEPA (2007a) 1.8E+01 USEPA (2007a) 2.7E+00 2.7E+01 LANL (2015)
Pentachlorophenol 474 10.0 593E+00 5 9E+01 USEPA (2007a) 1.5E+01 USEPA (2007a) Regression” 8.6E-01 USEPA (2007a)
1,2,4,5-Tetrachlorobenzene 457 10.0 8.44E-01 8.4E+00 USEPA (2007a) 1.0E+02 USEPA (2007a) 1.3E-01 1.3E+00 Calculated®
2-Chioronaphthalene 3.81 10.0 1.71E+00 1.7E+01 USEPA (2007a) 7.3E+01 USEPA (2007a) 6.3E-02 6.3E-01 Calculated"
Di-n-octyl phthalate 8.54 10.0 2.07E-02 2.1E-01 USEPA (2007a) 5.8E+02 USEPA (2007a) 1.0E+00 1.0E+01 LANL (2015)
Hexachlorobutadiene 472 10.0 7.37E-01 7.4E+00 USEPA (2007a) : 1.1E+02 USEPA (2007a) 1.5E-01 1.5E+00 Calculated®
Hexachlorocyclopentadiene 463 10.0 8.03E-01 8.0E+00 USEPA (2007a) 1.0E+01 1.0E+02 USEPA (2007a) 1.4E-01 1.4E+00 Calculated"
Hexachloroethane 403 10.0 1.39E+00 1.4E+01 8.0E+00 8.0E+01 USEPA (2007a) 8.1E-02 8.1E-01 Calculated"

Volatile Organic Compounds (VOCx)

Methylcyclohexane 2 11E+00 2 1E+01

Dioxin/Furans

2,3,7,8-TCDD 6.92 0.00000t1 9.41E-02 9.4E-08 " (2007a)° Regression® 2.8E-06 Sample et al. (1998a) Regression? 57E-07 Sample et al. (1998b)
1,2,3,7,8-PeCDD 7.56 0.000001 517E-02 5.2E-08 USEPA (2007a)° Regression® 2.8E-06 Sample et al. (1998a) Regression? 5.7E-07 Sample et al. (1998b)
1,2,3,4,7,8-HxCDD 8.21 0.000001 2.82E-02 *USEPA (2007a)° Regression® 2.8E-06 Sample et al. (1998a) Regression? 5.7E-07 Sample et al. (1998b)
1,2,3,6,7,8-HxCDD 8.21 0.00000t1 2.82E-02 USEPA (2007a)° Regression® 2.8E-06 Sample et al. (1998a) Regression? 5.7E-07 Sample et al. (1998b)
1,2,3,7,8,9-HxCDD 8.21 0.000001 2.82E-02 USEPA (2007a)° Regression® 2.8E-06 Sample et al. (1998a) Regression? 5.7E-07 Sample et al. (1998b)
1,2,3,4,6,7,8-HpCDD 8.85 0.000001 1.55E-02 USEPA (2007a)° Regression® 2.8E-06 Sample et al. (1998a) Regression? 5.7E-07 Sample et al. (1998b)
OoCDD 9.50 0.000001 8.45E-03 USEPA (20073)b Regressiond 2.8E-06 Sample et al. (1998a) Regression? 5.7E-07 Sample et al. (1998b)
2,3,7,8-TCDF 6.29 0.000001 1.69E-01 USEPA (2007a)° Regression® 2.8E-08 Sample et al. (1998a) 1.3E-01 1.3E-07 Sample et al. (1908bY
1,2,3,7,8-PeCDF 6.94 0.000001 9.24E-02 USEPA (2007a)° Regression” 2.8E-08 Sample et al. (1998a) 1.3E-01 1.3E-07 Sample et al. (1998b)
2,3,4,7,8-PeCDF 6.94 0.000001 9.24E-02 USEPA (2007a)° Regression® 2.8E-06 Sample et al. (1998a) 1.3E-01 1.3E-07 Sample et al. (1998bY
1,2,3,4,7 8-HxCDF 7.92 0.000001 3.70E-02 USEPA (2007a)° Regression® 2.8E-08 Sample et al. (1998a) 1.3E-01 1.3E-07 Sample et al. (1908bY
1,2,3,6,7,8-HxCDF 7.92 0.000001 3.70E-02 USEPA (2007a)° Regression® 2.8E-08 Sample et al. (1998a) 1.3E-01 1.3E-07 Sample et al. (1998b)
23,467 8-HxCDF 7.92 0.00000t1 3.70E-02 USEPA (2007a)° Regression® 2.8E-06 Sample et al. (1998a) 1.3E-01 1.3E-07 Sample et al. (1998bY
1,2,3,7,8,9-HxCDF 7.58 0.000001 5.08E-02 USEPA (2007a)° Regression® 2.8E-08 Sample et al. (1998a) 1.3E-01 1.3E-07 Sample et al. (1908bY
1,2,3,4,6,7,8-HpCDF 8.23 0.000001 2.77E-02 USEPA (2007a)° Regression® 2.8E-08 Sample et al. (1998a) 1.3E-01 1.3E-07 Sample et al. (1998b)
1,2,3,4,7,8,9-HpCDF 8.23 0.00000t1 2.77E-02 USEPA (2007a)" Regression® 2.8E-06 Sample et al. (1998a) 1.3E-01 1.3E-07 Sample et al. (1998bY
OCDF 8.87 0.000001 1.52E-02 USEPA (2007a)° Regression® 2.8E-08 Sample et al. (1998a) 1.3E-01 1.3E-07 Sample et al. (1908bY
EHS' . Support Page 2 0f 3
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Notes:

Maximum soil exposure point concentrations are example values to illustrate the calculation of COPEC concentrations in tissue; these values are not representative of exposure concentrations at the Site.

Table 3
Estimated Concentrations in Dietary items of Terrestrial Receptors
Technical Memorandum: Proposed Wildlife Exposure Modeling Approach
Columbia Falls Aluminum Company
Columbia Falls, Montana

a, Plant tissue concentrations (mg/kg dry weight) calculated based on regression models, where In([tissue]) = BO + Bi(In[soil]). Slopes (B1) and intercepts (BO) are as follows:

Analyte BO B Data Source

Antimony -3.233 0.938 USEPA (2007)
Bervilium -0.5361 0.7345 USEPA (2007)
Cadmium ~0.475 0.545 Bechtel-Jacebs (1998)
Copper 0.668 0.394 Bechtel-Jacobs (1998)
Lead -1.328 0.561 Bechtel-Jacobs (1998)
Mercury 0.544 -0.996 Bechtel-Jacobs (1998)
Nickel -2.223 0.748 Bechtel-Jacobs (1998)
Selenium -0.677 1.104 Bechtel-Jacobs (1998)
Zinc 1.575 0.554 Bechtel-Jacobs (1998)
Acenaphthene -5.562 -0.8556 USEPA (2007a)
Acenaphthylene -1.144 0.791 USEPA (2007a)
Anthracene -0.9887 0.7784 USEPA (2007a)
Benzo(ajanthracene -2.7078 0.5944 USEPA (2007a)
Benzo(ajpyrene -2.0615 0.975 USEPA (2007a)
Benzo(g,h,ijperylene ~0.9313 1.1828 USEPA (2007a)
Benzo(k)fluoranthene -2.1579 0.8595 USEPA (2007a)
Chrysene -2.7078 0.5944 USEPA (2007a)
Fluorene -5.562 -0.8556 USEPA (2007a)
Phenanthrene -0.1665 0.6203 USEPA (2007a)

b, Soil-to-plant BAF based on K, model for non-ionic organic compounds (rinsed foliage data) provided in USEPA (2005), where: log BAF
¢, Soik-invertebrate bioaccumulation factor couid not be identified; therefore, a conservative default accumulation factor of 1.0 was assumed
d, Soil invertebrate tissue concentrations (mg/kg dry weight) calculated based on regression models, where In({tissue]) = BO + B1(In[s

Analyte BO B Data Source
Arsenic -1.421 0.706 Sample et al. {1999)
Cadmium 2114 0.795 Sample et al. {1999)
Lead -0.218 0.807 Sample et al. (1999)
Manganese -0.808 0.682 Sample et al. (1999)
Selenium -0.075 0.733 Sample et al. (1999)
Zine 4.449 0.328 Sample et al. (1999)
2,3,7,6-TCDD 3533 1.182 Sample et al. (1998a)

e, Bioaccumulation factor estimated as the product of the soil-plant and ingestion-beef factors reported in Baes
f, Median soil-to-plant uptake factors reported in Bechtel-Jacobs (1998) were used as bioaccumulation factor&:

g, Small mammal tissue concentrations (mg/kg dry weight) calculated based on regression models, whergsin({tissue]) = BO + B1{In[soil}) and slopes (B1) and intercepts (BO) are as follows:

Analyte BO B1 Data Source

Arsenic -4.8471 0.8188 Sample et al. (1998b)
Cadmium -1.2571 0.4723 Sample et al. (1998b)
Chromium -1.4599 0.7338 Sample et al. (1998b)
Cobalt -4.4669 1.307 Sample et al. (1998b)
Copper 2.042 0.144 Sample et al. (1998h,
Lead 0.0761 0.4422 Sample et a

Nickel -0.2462 0.4658

Selenium -0.4158 0.3764

Zinc 4.3632 0.0706

23,7,8-TCDD 0.8113 1.0093 et4l. (1998b)

h, Pentachiorophenol concentration in small mammal tissue
i, USEPA (2005) assumes bioaccumulation of PAHs by birds a

ry weight) calculated based on regression models, where [tissue] = 0.198 + 0.00452([diet,,cropratel}
mammals is minimal due to rapid metabolism of these compounds after ingestion.

J, Small mammal tissue estimated based on the medial BAF for the general model presented in Sample et al. {1998b)
k, No value was identified in the literature; soil-to-smali mammal BAF estimated based on the approach presented in Table &, consistent with LANL {2017)

EME

Spuprpent
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Table 4
Estimated Soil to Earthworm Bioaccumulation Factors (BAF) for Non-lonic Organic Compounds
Technical Memorandum: Proposed Wildlife Exposure Modeling Approach
Columbia Falls Aluminum Company
Columbia Falis, Montana

Ky soilto
K..: Octanol to water
water partitioning | K. [ wolm (o soil water partitioning

K..: water o soil organic carbon parti
coefficient”

partitioning Sail to
coefficient ! | Earthworm
BAE "

coefficient coelficient

K. (Likg soil
intercept K dw)

log Ko

Bis(2-ethylhexyl)phthalate 8.39 . 2.00E+05 1.25E+06 2.30E+08 2.30E+04 5.44E+01
Butylbenzylphthalate 4.84 221 1.64E+02 1.02E+03 8.96E+03 8.96E+01 1.14E+01
Dibenzofuran 3.71 1.23 1.71E+01 1.07E+02 1.53E+03 1.53E+01 6.96E+00
Di-n-butyl phthalate 4.61 2.01 1.02E+02 6.41E+02 3.79E+00 6.21E+03 6.21E+01 1.03E+01
Hexachlorobenzene 5.86 3.10 1.25E+03 7.84E+03 4.64E+00 4.38E+04 4.38E+02 1.79E+01
Pentachlorophenol 474 212 1.32E+02 8.23E+02 3.88E+00 7.56E+03 7.56E+01 1.09E+01
1,2,4,5-Tetrachlorobenzene 457 1.98 9.48E+01 5.92E+02 3.77E+00 5.84E+03 5.84E+01 1.01E+01
2-Chloronaphthalene 3.81 1.32 2.08E+01 1.30E+02 3.25E+00 1.79E+03 1.79E+01 7.27E+00
Di-n-octyl phthalate 8.54 5.43 2 69E+05 1.68E+06 6.46E+00 2.90E+08 2.90E+04 5.81E+01
Hexachlorobutadiene 472 210 1.27E+02 3.87E+00 7.34E+03 7.34E+01 1.08E+01
Hexachlorocyclopentadiene 4.63 2.02 1.06E+02 3.80E+00 6.36E+03 6.36E+01 1.04E+01
Hexachloroethane 4.03 1.51 3.24E+01 3.40E+00 2.53E+03 2.53E+01 8.01E+00
Methylcyclohexane 3.59 112 1.33E+01 3.10E+00 1.26E+03 1.26E+01 6.59E+00

Notes:

a,log K, = 0.87*log K,y - 2 (USEPA, 2007a; Jager, 1998)

b, Converted from wet weight to dry weight assuming 16% solids (USEP’* '
¢, K values modeled based on regression equations from Gerstl (1998

d, Ky = o *Koe, where "foc” is the fraction of organic carbon in soil

foc I8 @assumed to be: .01
e, BAF = K, (L/kg worm dw) / K (L/kg soil dw)

f, log Ky values obtained from EPI SUITE program, KO
BAF, bioaccumulation factor

dw, dry weight
ww, wet weight

EHS

Support

5, Jager, 1998)
Il Compounds: log K= A*log K, + B, where A = slope and B = intercept.
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Table 5
Estimated Soil to Small Mammal Bioaccumulation Factors (BAF) for Non-lonic Organic Compounds
Technical Memorandum: Proposed Wildlife Exposure Modeling Approach
Columbia Falls Aluminum Company
Columbia Falls, Montana

Dibenzofuran 3.71 19% 2.12E-02 2.82E-01 . 2.71E+00 5.60E-02
1,2,4,5-Tetrachlorobenzene 457 19% 3.48E-02 1.27E-01 . 3.95E+00 1.33E-01
2-Chloronaphthalene 3.81 19% 2.29E-02 2.57E-01 2.83E+00 6.32E-02
Hexachlorobutadiene 472 19% 3.66E-02 1.10E-01 22 4.22E+00 1.49E-01
Hexachlorocyclopentadiene 463 19% 3.55E-02 1.20E-01 4.05E+00 1.39E-01
Hexachloroethane 4.03 19% 2.66E-02 2.09E-01 3. 12E+00 3.12E+00 8.07E-02
Methylcyclohexane 3.59 19% 1.92E-02 3.17E-01 2.57E+00 2.57E+00 4.82E-02
Notes:

a, BAF syi.mamma Model based on LANL (2015) equation for Transfer Factor from soil to dry weight flesh (TF_flesh_d

(FIRMAXXBAFMAX plant/invert + SIRMAX)

BAFsoi1-mammar = BAFbeef [

(1-MC)
where:
BAF goiimammal dw = Soil-to-small mammal BAF (kg soil, dwikg
BAF peet ww = Diet-to-beef transfer factor (d/kg bee
FIRmax ww = Maximum food ingestion rate for LANL prey species (0.305 kg food,,/d; LANL, 2015)
BAF iaxplantinvert = Maximum BAF for plant or inv e dietary ifems of the prey species (kg soily,/kg tissue,,,)
SIRuax = Maximum incidental soil ing te for LANL prey species (0.0193 kg soily,/d; LANL, 2015)

MC

= Moisture content of fles

LogBAFpeofr ww = Fatyeer x (—0.099 xlog K2 + 1o logKow — 3.56)

where: o
BAF et ww = fansfer factor (d/kg beef,,,)

Fatpeer ww = eef; assumed to be 19 percent or 0.19 based on LANL (2017)
Kow =

d BAF pjant v, Soil-to-plant bioaccumulation factor calculated o:n vet Welg)ht basis by multiplying the plant BAF in Table 3 by 1-moisture content of plant leaves (1 - 0.85 = 0.15 per LANL, 2017).

e, BAF vert ww, Soil-to-invertebrate bioaccumulation factor ated on wet weight basis by multiplying the plant BAF in Table 3 by 1-moisture content in soil invertebrates (1 - 0.61 = 0.39; LANL, 2017).
f, Maximum soil-to-tissue BAF between higher of the,| ww and BAF e ww

BAF, bicaccumulation factor
dw, dry weight

ww, wet weight

Page 1 of 1
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EHS

Table 6
Estimated Aquatic Prey Concentrations - Screening-Level Exposure Evaluation
Technical Memorandum: Proposed Wildlife Exposure Modeling Approach
Columbia Falls Aluminum Company
Columbia Falls, Montana

Estimated Concentrations in Dietary ltems of Aquatic Receptors (malkg, dry weight)

Maximum

e Sediment Normalized
gurfacetwiter Concentration BSAF (kg Aquatic Life Stage Benthic Invertebrates Eish
oncentration
{mglky, dry | OCIkg lipid)

mall .
(mgl) weight} i BCF Estimated BSAFIBCE BSAF BCE Estimated BSAEFIBCE
BOAR Concentration Reference Concentration Reference

Aluminum 7.40E-02 7.40E-01 Stanley et al. (2010) 9.24E+02 9.24E+00 Sample et al. (1996b)
Antimony NA 0.01 10.0 NA 5.75E-01 -—- 575E+00 Dovick et al. (2015) - 4.00E+00 4.00E-02 Sample et al. (1996b)
Arsenic NA 0.01 10.0 NA 3.73E-01 - 3.73E+00 Bechtel-Jacobs (1 - 6.80E+01 6.80E-01 Sample et al. (1996b)
Barium NA 0.01 10.0 NA 2.82E+00 - 2.82E+01 --- 2.98E+02 2.98E+00 Nakamoto and Hassler (1992)
Beryllium NA 0.01 10.0 NA 1.67E-01 - 1.67E+00 - 7.60E+01 7.60E-01 Sample et al. (1996)
Cadmium NA 0.01 10.0 NA 4.59E-01 --- 4 59E+00 ¢ - 4 96E+04 4 96E+02 Sample et al. (1996b)
Chromium NA 0.01 10.0 NA 8.30E-02 - 8.30E-01 N -—- 1.20E+01 1.20E-01 Sample et al. (1996b)
Copper NA 0.01 10.0 NA 6.61E-01 - 6.61E+00 htel-Jacobs (1998b)° - 1.16E+03 1.16E+01 Sample et al. (1996b)
Lead NA 0.01 10.0 NA 8.00E-02 - Bechtel-Jacobs (1998b)° - 1.80E+02 1.80E+00 Sample et al. (1996b)
Nickel NA 0.01 10.0 NA 1.34E-01 - Bechtel-Jacobs (1998b)° == 4.2E+02 4.2E+00 Sample et al. (1996b)
Selenium NA 0.01 10.0 NA 3.75E+00 - Hamilton et al. (2002) - 1.0E+04 1.0E+02 Sample et al. (1996b)
Silver NA 0.01 10.0 NA 1.80E-01 - Hirsch (1998) --- 4.2E+02 4.2E+00 Garnier-Laplace et al. (1992)
Thallium NA 0.01 10.0 NA 2.00E-02 - Turner et al. (2013) - 1.36E+02 1.36E+00 Sample et al. (1996b)
Vanadium NA 0.01 10.0 NA 2.50E-01 2.50E+00 Hamilton et al. (2002) - 2.52E+03 2.52E+01 CECBP (2008)

Zinc NA 0.01 10.0 NA 8.40E-01 8.40E+00 Bechtel-Jacobs (1998k)° - 3.9E+03 3.86E+01 Sample et al. (1996b)
Inorganics - Other Inorganics

Cyanide NA 0.01 10.0 NA 0.0E+00 R 0.0E+00 0.0E+00 Lanno and Menzie (2005) 0.0E+00 0.0E+00 0.0E+00 Lanno and Menzie (2005)
Fluoride NA 0.01 10.0 NA | Regression 2 43E+01 pourved basedon Regression 1.92E+01 Rorved based on

Low Molecular Weight (LMW) PAHs:

Acenaphthene 401 0.001 0.1 0.70 " 4.58E+00 4.58E-01 DiToro and McGrath (2000) | 5.63E+00 5.63E-01 DiToro and McGrath (2000)
Acenaphthylene 322 0.001 0.1 07 4.90E+00 4.90E-01 DiToro and McGrath (2000) | 6.04E+00 6.04E-01 DiToro and McGrath (2000)
Anthracene 4.53 0.001 0.1 673 4.37E+00 4.37E-01 DiToro and McGrath (2000) | 5.38E+00 5.38E-01 DiToro and McGrath (2000)
Fluorene 4.21 0.001 0.1 0.692 4.50E+00 4.50E-01 DiToro and McGrath (2000) | 5.53E+00 5.53E-01 DiToro and McGrath (2000)
Naphthalene 336 0.001 0.1 0.745 4.84E+00 4.84E-01 DiToro and McGrath (2000) | 5.96E+00 5.96E-01 DiToro and McGrath (2000)
Phenanthrene 457 0.001 0.1 0.670 4.36E+00 4.36E-01 DiToro and McGrath (2000) | 5.36E+00 5.36E-01 DiToro and McGrath (2000)
Total LMW PAHs 2.76E+00 3.39E+00
Support Page 1 of 2
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Table 6
Estimated Aquatic Prey Concentrations - Screening-Level Exposure Evaluation
Technical Memorandum: Proposed Wildlife Exposure Modeling Approach
Columbia Falls Aluminum Company
Columbia Falls, Montana

Estimated Concentrations in Dietary ltems of Aquatic Receptors {mg/kg, dry weight)

Maximum

Maximum Sediment Normalized
gurfacet\f::t_ter Cohcentration|  BSAF (kg Aguatic Life Btage Benthic Invertebrates Eish
oncentration
{moikg, dry | OCIkg lipid)®

mall .
(mgl) weight} Estimated

Concentration

BSAFIBCE
Reference

BSAFIBCE
Reference

Estimated
Concentration

EHS

Semi-volatile Organic Compounds (SVYOCs) - Non-PAH S

High Molecular Weight (HMW) PAHs:
Benzo(a)anthracene 6.71 0.001 0.1 0.556 3.61E+00 - DiToro and McGrath (2000) 5E+00 -—- 4 45E-01 DiToro and McGrath (2000)
Benzo[A]Pyrene 6.11 0.001 0.1 0.586 3.81E+00 -—- DiToro and McGrath (2000 .B69E+00 - 4.69E-01 DiToro and McGrath (2000)
Benzo(b)fluoranthene 6.27 0.001 0.1 0.578 3.76E+00 - DiToro and McGrath | 4.62E+00 - 4.62E-01 DiToro and McGrath (2000)
Benzo(g,h,i)perylene 6.51 0.001 0.1 0.566 3.68E+00 - 4 53E+00 -—- 4 53E-01 DiToro and McGrath (2000)
Benzo(k)fluoranthene 8.29 0.001 0.1 0.577 3.75E+00 4.61E+00 461E-01 DiToro and McGrath (2000)
Chrysene 5.71 0.001 0.1 0.607 3.94E+00 4.85E+00 4.85E-01 DiToro and McGrath (2000)
Dibenz(A,H)Anthracene 6.71 0.001 0.1 0.556 3.61E+00 ) 4.45E+00 4.45E-01 DiToro and McGrath (2000)
Flucranthene 5.08 0.001 0.1 0.641 4 17E+00 - ro and McGrath (2000) 5.13E+00 -—- 513E-01 DiToro and McGrath (2000)
Indeno (1,2,3-CD) Pyrene 8.72 0.001 0.1 0.555 3.61E+00 _ DiToro and McGrath (2000) 4.44E+00 4.44E-01 DiToro and McGrath (2000)
Pyrene 492 0.001 0.1 0.650 4.23E+00 DiToro and McGrath (2000) 5.20E+00 5.20E-01 DiToro and McGrath (2000)
Total HMW PAHs 4.70E+00

2,3,4,6-Tetrachlorophenol 4.09 0.001 0.1 0.699 4 54E+00 54E-01 DiToro and McGrath (2000) 5.59E+00 559E-01 DiToro and McGrath (2000)
2-Chloronaphthalene 3.81 0.001 0.1 0.716 4.66E+00 4.66E-01 DiToro and McGrath (2000) 5.73E+00 5.73E-01 DiToro and McGrath (2000)
Bis(2-ethylhexyl)phthalate 8.39 0.001 0.1 0.480 3.12E+00 3.12E-01 DiToro and McGrath (2000) 3.84E+00 3.84E-01 DiToro and McGrath (2000)
Dibenzofuran 3.71 0.001 0.1 0.723 470E+00 4.70E-01 DiToro and McGrath (2000) 5.78E+00 5.78E-01 DiToro and McGrath (2000)
Di-n-octyl phthalate 4.61 0.001 0.1 0.668 4.34E+00 ' 4.34E-01 DiToro and McGrath (2000) 5.34E+00 5.34E-01 DiToro and McGrath (2000)
Hexachlorobenzene 5.86 0.001 0.1 0.599 3.89E+00 -—- 3.89E-01 DiToro and McGrath (2000) 4. 79E+00 - 4.79E-01 DiToro and McGrath (2000)
Hexachlorobutadiene 472 0.001 0.1 0.662 -+00 -—- 4.30E-01 DiToro and McGrath (2000) 5.29E+00 - 5.29E-01 DiToro and McGrath (2000)
Pentachlorophenol 474 0.001 0.1 0.661 OE+00 - 4.30E-01 DiToro and McGrath (2000) 5.29E+00 -—- 5.29E-01 DiToro and McGrath (2000)

Notes:

Maximum exposure point concentrations are example values to illustrate the calcula

NA, Normalized BSAF was not applicable for metals

a, Normalized BSAF (kg OC / kg lipid) calculated based on K, where BSA

9938 (DiToro and McGrath 2000)

b, For non-ionic organic constituents, dry weight BSAF calculated from sediment organic carbon and lipid normalized BSAF as follows:

BSAFdry weight = BSAFnorm X flip;id S

where: BSAF, o =
fipia = Fraction of lipids in prey item expressed on a dry weight basis (0.065, invertebrates; 0.08, fish)
f o = Fraction of sediment organic carbon expressed on a dry weight basis (0.01 or 1.0%)

¢, Median BSAF for non-depurated invertebrates determined by Bechtel-Jacobs (1998b)
BCF, bioconcentration factor
BSAF, biota-sediment accumulation factor

kg OC/kg lipid, kilogram organic carbon per kilogram lipid

Support

1

foc
Normalized BSAF (kg OC/kg lipid)
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‘COPEC concentrations in tissue; these values are not representative of exposure concentrations at the Site.
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Table 7

Avian and Mammalian Toxicity Reference Values
Technical Memorandum: Proposed Wildlife Exposure Modeling Approach
Columbia Falls Aluminum Company

Columbia Falls, Montana

Avian Receptors Mammalian Receptars

Analytes

SHionic
IRV

TRVl
{mofkg-bw/d)

Source

IRV, TRV
{mulka-bwid)

Test Animal

Source

Carriere et al. (1986); as cited in

Inotdganics S Other Morganics

mean

Wiemeyer et al. (1986), as cited in

Aluminum 110 1100 Ringed dove LANL EcoRisk Narrative Narrative USEPA (2003b)
Antimony NA NA - - 0.059 276 ge;::;”c USEPA (2005b); TechLaw (2008)
Arsenic 224 451 ge;z:;”c USEPA (2005¢): TechLaw (2008) 1.04 455 ge;z::'c USEPA (2005¢): TechLaw (2008)
Barium 735 131 ge;z::'c LANL (2003) 518 82.7 geomelric (2005d); TechLaw (2008)
Beryllium NA NA - - 0532 0.67 SEPA (2005¢); TechLaw (2008)
) geometric . - - .
Cadmium 1.47 635 e USEPA (2005f): TechLaw (2008) 0.77 6.87 USEPA (2005f); TechLaw (2008)
Chromium 266 15.6 96;2::“’ USEPA (2008b); TechLaw (2008) 24 e | USEPA (2008t); TeohLaw (2008)
Cobalt 761 2016 ge;r;‘:;m USEPA (2005g): TechLaw (2008) e;::;”c USEPA (2005g); TechLaw (2008)
Copper 405 348 ge;z:;”c USEPA (2007b); TechLaw (2008) ge;z::'c USEPA (2007b); TechLaw (2008)
Lead 163 446 ge;z:;”c USEPA (2005h); TechLaw (2008) ge;r:::'c USEPA (2005h); TechLaw (2008)
Manganese 179 377 ge;r;‘aeg‘c USEPA (2007c): TechLaw (2008) ge;re”::'c USEPA (2007c): TechLaw (2008)
Japanese | Hill and Schaffer (1976), as cited in . Aulerich et al. (1974), as cited in
Mercury 045 0.91 quail Sample et al. (1996b) ¢ NA mink Sample et al. (1996b)
Nickel 671 18.6 96;2:;”" USEPA (2007d); TechLaw (2 17 148 ge;':;:"c USEPA (2007d): TechLaw (2008)
Selenium 03 0.82 geometric 0.143 0.66 geomelric |\ rpa (2007¢): TechLaw (2008)
mean mean
Sitver 202 605 geomeltric 6.02 119 geomelric |\ oo (2006) TechLaw (2008)
mean mean
. . Formigli et al. (1988}, as cited in
Thallium 0.35 35 starling 0.0071 0.071 rat LANL EcoRisk
Vanadium 0.344 1.7 ge;r;‘ae:m USERA2005i) TechLaw (2008) 416 9.4 ge;re”;:'c USEPA (2005i) TechLaw (2008)
Zinc 66.1 171 geometrio (2007¢); TechLaw (2008) 75.4 208 geomelric | \,orpa (2007e): TechLaw (2008)

mean

lic Aromatic Hydrocarbons (PAHs)

. Amet Tewe and Manner (1981), as cited
Cyanide 004 04 kes LANL EcoRisk 687 637 rat in LANL EcoRisk

) Eastern Pattee et al. (1988), as cited in ) Aulerich et al. (1987), as cited in
Fluorice 122 _screech owl LANL EcoRisk 258 49 mink LANL EcoRisk

geometric

1,2,4,5-Tetrachlorobenzen

MOCe) - Non-PAH

BVOCe

Total LMW PAHs 16.1 mallard Patton and Dieter 1980 656 356 mean USEPA (2007g); TechLaw (2008)
European Trust et al. (1994), as cited in geometric .
Total HMW PAHs 2 20 starling USEPA (2007g) 0615 38.4 mean USEPA (2007g); TechLaw (2008)

2,3,4,6-Tetrachlorophenol No TRV No TRV - - No TRV No TRV - -
2-Chloronaphthalene No TRV No TRV - - No TRV No TRV - -

] ; Sample et al. (1996b), as cited in Sample et al. (1996b), as cited in
Bis(2-ethyihexyl)phthalate 1.1 11 Ringed dove LANL EcoRisk 18.3 183 mouse LANL EcoRisk
Butylbenzyiphthalate 0110 1.4¢ Ringed dove Sample et al. (1996b) 159 1500 rat NTP “985&2;2?" in LANL
Dibenzofuran No TRV No TRV - - No TRV No TRV - -

Di-n-butyl phthalate 0.1 11 Ringed dove Sample et al. (1996h) 550 1833 mouse Sample et al. (1996b)
Di-n-octyl phthalate 011 115 | Ringed dove Sample et al. (1996) 65.1 651 mouse | T Corporaﬁfﬁf(gg??’)as cited in
= Japanese | Carpenter et al. (1985), as cited in Schafer et al. (1985), as cited in
Hexachlorobenzene 5 50 quail LANL EcoRisk 71 71 Deer mouse LANL EcoRisk
) Kociba et al. (1977), as cited in
Hexachlorobutadiene No TRV No TRV - - 200 2000 Rat USEPA (1999)
EMS Support Page 1 of 2
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Table 7
Avian and Mammalian Toxicity Reference Values
Technical Memorandum: Proposed Wildlife Exposure Modeling Approach
Columbia Falls Aluminum Company
Columbia Falls, Montana

l'om&: mnlc l'om‘; ronlc
(mg/kg~bw/d) (mglkg-bwld)
Hexachlorocyclopentadiene No TRV No TRV No TRV No TRV
Hexachloroethane No TRV No TRV - - No TRV No TRV - -
Pentachioropheriol 73 ge;z:;”c USEPA (2007h): TechLaw (2008) ger‘;l‘;:'c USEPA (2007h): TechLaw (2008)

R

2,3,7,8-TCDD 0000014 | 000014 i‘g’saz:ﬁf Sample et al (1996) 0.000000562 | 0.00000376

Murray et al. (1979), as cited in
LANL EcoRisk

Notes:

a, NOAEL is no observable adverse effects level.

b, LOAEL is low observable adverse effects level.

¢, Di-n-butyl pthalate used as a surrogate for avian exposure to phthalates.

---, Appropriate data are not available from published literature to derive NOAEL and LOAEL values.
NA, Toxicity Reference Value not available.

bw/d, body weight per day.

TRV, toxicity reference value.

EMS

Supprort

Page 2 of 2
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a) Fluoride bioaccumulation into white-clawed crayfish (Austropotamobius pallipes) as a function of
water concentration {Aguirre-Sierra et al., 2013).
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B Cxoskelsion

{Exoskelaton}

b) Fluoride bioaccumulation into Siberian sturgeon (Acipenser baerii) as a function of water

concentration (Shi et al., 2009).
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Fluoride Water-to-Biota Bioaccumulation

Relationships for Benthic Invertebrates and Fish Figure 1
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